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PREFACE. 



This note-book on Practical Geometry has been written 
primarily to meet the requirements of students preparing 
for the Entrance Examinations of the Eoyal Military Academy 
at Woolwich, and the Eoyal Military College at Sandhurst. 

It is hoped that the book may also be of use to Candidates 
for the Engineering College, Cooper's Hill ; the Indian Public 
Works and Telegraph Department, the Eoyal Marine Light 
Infantry, the Art Master's Certificates of the Third Grade, 
Science Subject I. of the Science and Art Department, the 
Oxford and Cambridge Local Examinations, &c. 

Solutions of problems set at Woolwich and Sandhurst are 
given, together with a chapter on Scales, and an introduction 
to Graphic Statics ; with methods of applying instruments 
used in Military Surveying and Engineering. 

It has been my object to give as much practical information 
on the subject of Plane Geometrical Drawing as the limits of 
one volume would allow. 

A knowledge of Practical Geometry is the basis of all the 
mechanical and decorative arts; and many of the problems 
given will themselves suggest the application ' for practical 
purposes. 

Acknowledgment must be made of the valuable assistance 
received from Bradley's Elements of Geometry, Lacroix' 
Elements de Oeometrie, Sonnet's Geometrie Theorique et 
Pratique, and other authorities, which have been consulted 
in the progress of the work. 
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INTEODUCTOEY HINTS. 

Neatness and accuracy are essential for the ■working of the 
problems, and care should be taken to see that your instruments 
are in good order. 

Avoid drawing unnecessary Hnes, and all which are drawn 
should be made long enough not to require subsequent pro- 
longation, 

Draw all lines from left to right, and avoid pressing against 
the edge of the ruler or other instrument, as it produces an 
uneven line. 

Construction lines should be drawn as fine as you con- 
veniently can, either continuous or dotted. 

In using the compasses, press as lightly as possible, to avoid 
making holes in the paper. 

IMake all construction on as large a scale as is practicable, in 
■order to ensure the utmost attainable accuracy. 

The instruments necessary for Practical Geometry are : — 

Compasses. — One large pair, having a movable leg to insert a 
pencil or pen for drawing circles of long radii, and one smaller 
pair called dividers. 

Bow-pencil and Bow-pen. — For drawing circles of short radii. 

Ruling pen. — For inking-in straight lines. 

Six-inch ruler. — This should be carefully selected — one 

A 
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having decimal scales, scale of chords or protractor for measur- 
ing angles, and inches accurately marked, is the best. 

Set squares. — Two — one a 45° set square, called so because 
two of its angles are 45° and the third angle 90" ; the other a 
60° set square, called so because one angle is 60°, another is 30°, 
and the tliird angle 90°. These are used for drawing lines 
perpendicular and parallel to each other. 



DEFINITIONS. 



1. A point marks position only. 

2. A line has length without breadth. 

3. A right or straight Hne is the shortest distance between 
two points. 

4. A curved line is always changing its direction, and no 
part of it is straight. 

5. A vertical line is upright. 

6. A horizontal line is perfectly level. 

7. An oblique line is neither horizontal nor vertical. 

8. Parallel straight lines are two or more lines drawn in 
the same plane, such that if produced indefinitely either way 
they would never meet. 

9. Parallel arcs of circles are concentric — i.e., arcs of 
different circles having the same centre. 

10. A perpendicular. When one straight line stands upon 
another straight line and makes the adjacent angles equal, these 
angles are called right angles ; and the line standing upon the 
other is said to be perpendicular to it. 

11. A plane rectilineal angle is the inclination of two 
straight lines to each other, which meet in a point. 

12. There are three kinds of angles — a right angle, contain- 
ing 90° (see definition 10) ; an obtuse angle, which is greater or 
blunter than a right angle; an acute angle, which is less or 
sharper than a right angle. 

"When an angle has opened out until the arms are in the 
same straight line, it may then be considered as an angle equal 
to two right angles, or 180°. Such an angle is sometimes 
called a straight angle. 

13. Triangles are plane figures bounded by three straight 
lines, and have therefore three angles. Any one side may be 
called the base. 

The sum of the angles of any triangle equals two right 
angles, or 180°. 
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14. An equilateral triangle has three equal sides, and 
therefore three equal angles. Each angle contains 60°. 

15. An isosceles triangle has two equal sides, and therefore 
two equal angles. An equilateral triangle is also isosceles. 

16. A scalene triangle has three unequal sides and three 
unequal angles. 

17. A right-angled triangle has one angle equal to a right 
angle. The side opposite the right angle is called the hypo- 
tenuse. A right-angled triangle may be isosceles. . 

18. An acute-angled triangle has three acute angles. 

19. The apex or vertex of a triangle is the corner opposite 
the base. 

20. The altitude of a triangle is a line drawn from the 
apex at right angles to the base or base produced. 

21. A rectilineal figure is a figure formed by three or more 
straight lines. 

22. Quadrilaterals are figures formed by four straight lines 
and have therefore four angles. The sum of the angles of 
quadrilaterals is four right angles, or 360°. 

23. Quadrilaterals are of six kinds — four of which are 
parallelograms and two trapezia. 

24. Parallelograms have their opposite sides equal and 
parallel, and their opposite angles equal. They are a square, 
an oblong or rectangle, a rhombus, and a rhomboid. 

25. A square has four equal sides and four equal angles. 
Each angle is a right angle, 90°. 

26. An oblong or rectangle has its opposite sides equal and 
all its angles right angles. 

27. A rhombus has four sides equal and its opposite angles 
equal. (It has two angles obtuse and two angles acute.) 

28. A rhomboid has its opposite sides equal and its opposite 
angles equal. (It has two angles obtuse and two angles 
acute.) 

29. There are two kinds of trapezia — a trapezium and a 
trapezoid. 

30. A trapezium has no two of its sides parallel nor oppo- 
site sides equal, but may have two of its opposite angles equal. 

31. A trapezoid has two only of its sides parallel, and may 
have adjacent angles equal. 

32. A diagonal of a quadrilateral or any rectilineal figure is 
a straight line joining two of its opposite angles. 

33. A diameter of a rectilineal figure having an even number 
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of sides is a straight line drawn through the centre, parallel to 
or at right angles to two of its sides. 

34. A polygon is a figure having more than four sides and 
more than four angles. It is also called multilateral (many- 
sided) for a similar reason. There are two kinds — regular, 
having equal sides and equal angles; and irregular, having 
unequal sides and unequal angles. 

35. A polygon with 5 sides is called a pentagon. 
6 ,, a hexagon. 

a heptagon. 



9 
10 
11 

12 



an octagon, 
a nonagon. 
a decagon, 
an undecagon. 
a dodecagon. 



A polygon may have any number of sides more than four, 
but for general use the above are sufficient. 

36. A circle is a figure contained by a line which is called 
the circumference, and is such that all straight lines drawn 
from a certain point within it, called the centre, to the circum- 
ference are equal. 

37. A radius is a straight line drawn from the centre of a 
circle to the circumference. 

38. A diameter is a straight line drawn across the circle and 
terminated by the circumference, but passing through the 
centre. 

39. A chord is any straight line drawn across the circle ter- 
minated by the circumference, but not passing through the centre. 

40. An arc is a portion of the circumference of a circle. 

41. A segment is a portion of a circle bounded by a chord 
and that part of the circumference which it cuts off. 

42. A sector is a portion of a circle bounded by two radii 
and that part of the circumference intercepted by them. 

43. The circumference of a circle subtends at the centre an 
angle equal to four right angles (360°). A sector containing a 
quarter of a circle is called a quadrant. , 

44. A semicircle is half a circle ; it is bouiaded by a diameter 
and half the circumference. Two straight lines drawn from 
any point on the circumference to the ends of the diameter are 
at right angles to each other. 

45. In a segment less than a semicircle lines drawn from 
any point on the arc to the ends of the chord contain an angle 
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greater than a right angle, and in a segment greater than a 
semicircle an angle smaller than a right angle. 

46. A tangent is a straight line lying in the plane of the 
circle which meets the circumference in one point, and only one. 
This point is called the point of contact. 

47. If a radius of a circle be continued outside the circle, 
the whole line is a normal to the circle — i.e., a perpendicular 
to the circumference. 

48. Similar figures are not necessarily equal in area ; but 
are equi-angular and corresponding sides are proportional. 

49. One rectilineal figure is said to be inscribed 'within 
another when each angular point of the former figure lies 
upon a side of the latter. 

50. A right figure is inscribed within a circle when all the 
angles of the figitte lie on the circumference of the circle. 

51. A right figure is described about a circle when each side 
of the figure is tangential to the circle. 

52. An ellipse is a figure bounded by a continuous curve, 
and is such that the sum of any two straight lines drawn from 
two fixed points within it, called the foci, and meeting together 
on the curve is constant — i.e., always the same. 

53. Tangents and normals can be drawn to an ellipse. 

54. The area of a plane figure is expressed by the number of 
square inches or square feet, &c., its surface contains. 

55. A surface has only two dimensions, length and breadth. 

56. A plane surface is flat, and is called a rectilineal surface 
when bounded by straight lines, and curvilineal when 
bounded by curved lines. 

57. The perimeter of a figure is the sum of its sides. Thus, 
the perimeter of a triangle is a line equal in length to the sum 
of the three sides. 

58. Periphery is the measurenient round curved surfaces. 

59. A spiral is a curve traced out by a point which con- 
timjally recedes from its initial position, and at the same time 
moves round it. The initial position of the point is called the 
pole of the spiral. 

60. An involute. Suppose a perfectly flexible line to lie 
along a curve so as to coincide with it ; if it be then gradually 
unwound, each point in the line will describe an involute of 
the curve. 
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(1) To bisect a given straight line AB. 




Fig. 1. 

With centres A and B, and more than half the line a radius, 
describe arcs cutting each other in points 1 and 2. A straight 
line joining 1, 2 bisects AB. (10 Euc. I.) 

An arc is bisected in the same manner as Problem 1. 

(2) To bisect an angle ABC. 




Fig. 2. 



With B as centre, describe an arc cutting AB and BC in 
points 1 and 2. With 1 and 2 as centres, and any radius, 
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describe arcs cutting each other in point 3. A straight line 
drawn through points B and 3 bisects the angle. (9 Euc. I.) 

(3) To erect a pei^jendioular at point C, to a given 
straight line AB. 




From C, with any radius, describe an arc 1, 2. From 1, 
with radius CI, set off on the arc 1, 2, points 3 and 4; with 
3 and 4 as centres describe arcs meeting in point 5. Draw a 
line from C through point 5. This line is the perpendicular 
required. (11 Euc. I.) 

(4) To draw a perpendicular to AB from a point O 
lying away from the line. 



_i4. 



y 



V 



Fig. 4. 

From C describe an arc cutting AB, or AB produced in 
points 1 and 2. With 1 and 2 as centres, and any radius 
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describe arcs meeting in point 3. The line 03 is perpendicular 
to AB. 

If point C is beyond the extremity of the line AB, take any 
two points as centres in AB, as 1 and 2, and describe arcs 
through point C, intersecting below the line AB in a point 3. 
A line drawn through points C and 3 will be perpendicular 
to AB. (12 Euc. I.) 



(5) To draw a line parallel to AB, and at a givea 
distance ftom it. 



Fig. 5. 

Take any two points 1 and 2 in AB as centres, and describe- 
arcs with a radius equal to the given distance. The line CD 
dr^wn tangential to the arcs is parallel to AB, and at the 
required distance from it. 

(6) To draw a line parallel to AB, and passing through, 
a given point C. 



3 S 



Fig. 6. 



With C as centre, and any radius, describe an arc 1, 2. 
With 1 as centre, and the same radius, describe an arc C3.. 
Make the arc 1, 2 equal to the arc 03. The line drawn from 
C through point 2 is the parallel required. (31 Euc. I.) 
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<7) To draw a line from a given point O, to meet a 
given straight line AB, and making a given 
angle X with AB. 




Fig. 7. 

By the last problem, draw a line through C parallel to AB. 
With the corner of the given angle X as centre, describe an 
arc 1, 2 ; and with C as centre, and the same radius, describe 
the arc 3, 4. Measure the length of the arc 1, 2 in the angle 
X, and set off from 3 to 4 on the arc 3, 4. The line from C 
•drawn through point 4 makes the required angle with AB. 
(29 Euc. I.) 

<8) Method of dividing a line AB into a prime number 
of equal parts. 




Fm. 8. 



Draw the line AC, making any convenient angle with AB. 
and set off the required number of equal parts, as 1, 2, 3, &c.. 
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Join the last division (10) and B. Draw lines from 9, 8, &c., 
parallel to lOB. AB is divided into the required number of 
equal parts. (Set squares may be used.) (2 Euc. VI.) 

<9) To divide a given line AB into two segments which, 
shall have to each other a given numerical 
ratio of 7 : 5. 

Divide the line AB into 7 + 5 parts, by Problem 8. The 
7th or 5th point of division will obviously divide the line in 
the given ratio. 

(10) To divide a space contained between two parallel 
lines AB and CD into any number of equal 
parts, by means of lines parallel to AB, — in 
this case 10 equal parts. 




Fig. 9. 

Draw AE, making any convenient angle with AB, and set 
oif on this line the required number of equal parts, which 
may be any size — viz., 1 to 10. With centre A, and radius 
A 10, describe an arc cutting CD in F. Join AF. From A 
describe arcs with radii A9, A8, &c., cutting AF in points 

G P. Through these points draw lines parallel 

to AB. (Set squares may be used.) 

<11) To bisect the angle contained by two converging 
straight lines AB and CD. 

Draw any line 1, 2 across the converging lines, and make 
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the angle M equal to the angle N. Bisect the angle 3, 2, 1 by 

J 

— ~_ 4 

3 




line 2, 4. Bisect the line 2, 4 by line EF. EF bisects the 
9,ngle between AB and CD. 

(12) From a point A taken anywhere between two 




Fig. 11. 
converging straight lines BC and DB, to draw^ 
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a line making equal angles with the two given 
straight lines. 

From any point F in one of the converging Hnes, as BC, 
•draw a line FG, parallel to DE. Bisect the angle CFG by a 
line meeting DE in H. A line drawn from A parallel to 
FH is the line required. 



<13) To draw a line through a given point B that 
would pass through the point in which two 
hnes AB and CD would meet if produced. 




Fie. 12. 

Draw any straight line 1, 2 through point E, and line 2, 3 
parallel to 1, 2. From point 2 draw a line 2, 4, making any 
angle with 1, 2 and equal in length to 2, 3. Join 4, 1. From 
E draw EF parallel to 1, 4. Set off 3 G, equal to 2 F. From 
E draw a line through G. The line 2, 3 is divided in the same 
proportion as the line 1, 2. 

<14) To construct angles of a given number of degrees, 
as 15°, 30°, 45°, 60°, 90°, 120°, and 135°. 

At A draw a line AC at right angles to AB, and trisect the 
right angle. Thus, from C mark off CE with radius AC, and 
from F set off FD with radius AC. The angle CAB = 90°, 
DAB = 60°, EAB = 30°. Bisect 30° we obtain 15°. Bisect 
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90°, 45° is obtained; 90° + 30° = 120°, and 90° + 45° = 135° 




Fig. 13. 

By further sub-dividing, angles containing otlier numbers of 
degrees may be constructed. 

(15) To construct a scalene triangle the length of the 

sides AB, 3", BO, 2^", CA, 2", being given. 

Draw a line AB, 3" long, for the base. With. B as centre, 
and radius BC, describe an arc ; with A as centre, and radius 
CA, describe another arc. The two arcs intersect in point C. 
Join the points AC CB. (22 Euc. I.) 

(16) To construct an equilateral triangle, the base AB 

being given. 

With A and B as centres, and radius AB, describe arcs 
intersecting each other in C. Join AC CB. (1 Euc. I.) 

(17) Given any triangle ABO to find the altitude. 

With the apex C as centre describe an arc cutting AB, the 
base, or the base produced in points 1 and 2. With 1 and 2 
as centres describe arcs intersecting in point 3. Join C3. 
This line meets the base or base produced in point D. CD is 
the altitude. 
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(18) To construct an equilateral triangle, the altitude 
CD being given. 




From C draw lines making 30° with CD. Througk D draw 
a line at right angles to CD. The lines from C and the line 
through D meet each other in points A and B. ABC is the 
equilateral triangle required. 

(19) To construct a triangle, the altitude CD and the 
two angles at the base, A and B being given. 




Fig. 15. 
Through C and D draw lines at right angles to CD. From 
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■C draw lines CA and CB, making angles X and Y equal to 
the given angles A and B. ABC is the required triangle. 

>(20) To construct an isosceles triangle, the base AB, 
1" long, and the altitude CD, 2^" long, being 
given. 

Draw the base AB and bisect it by a line at right angles in 
point D. From D set off the altitude 2^" to point C. Join 
■CA CB. ABC is the triangle required. 

(21) Given one side AC, and one of the angles N, at 

the base, of an isosceles triangle, to con- 
struct it. 

Draw the side AC. From A draw a line AD, making an 
angle with AC equal to IST. With C as centre, and radius CA, 
describe an arc intersecting the line AD in point B. Join CB. 
ABC is the triangle required. 

(22) To construct an isosceles triangle, the base AC, 

and the angle at the apex B, being given. 




With centre B, and any radius, describe an arc 1, 2. Join 
1, 2 by a straight line, and make the angles at A and C equal 
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to the angle B, 2, 1. The angle at the apex is equal to the 
given angle. 



(23) To find the centre point in any triangle equi- 
distant from the sides. 

Bisect two angles of the triangle by lines meeting in point 0. 
Point O is equidistant from the sides of the triangle, and is 
a centre of the triangle. 



(24) To find a point equidistant from the corners of 
, a triangle. 

Bisect two of the sides by lines meeting in point 0. Point 
O is equidistant from the corners of the triangle and is a centre 
of the triangle. 

(25) To draw a triangle having a given perimeter AB, 

and similar to a given triangle CDE. 




Fig. 17. 



On AB draw a triangle similar to the given triangle CDE 
by making the angles M and N equal to M and N. Find the 
centre of the triangle ABP. From {draw lines OF OG 
parallel to AP BP. FGO is the triangle required. 



B 
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(26) Within a triangle to place a similar triangle, 
having a base of a given length, also a 
common centre. 




Fig. 18. 

Pind the centre D of the triangle ; join D and tlie corners 
of the triangle ; set off AE on AB equal to the . given base. 
From E draw a line parallel to AD, meeting DB in point 
F. Draw FG and FH parallel to AB and BC. Join GH. 
FGH is the triangle required. 



Note. — By this method triangles 
triangles, parallelograms within or 
polygons within or about polygons. 



may be placed about 
about parallelograms, 



(27) To draw a right-angled triangle, two sides AB, 

2^", and BO, 1", being given. 

Bisect AB in O and describe a semicircle on AB. From B 
set off on the semicircle BC. Join GA. The triangle ABC 
is the right-angled triangle required. 

(28) The hypotenuse AB, 3", of a right-angled tri- 

angle is given, and is twice the length of the 
base, construct the triangle. 

Draw the hypotenuse AB and bisect in 0, describe a semi- 
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circle on AB. From B set oif on the semicircle a length equal 
to BO in point C. Join CA CB. ABC is the triangle required. 

(20) To draw a right-angled triangle, the hypotenuse 
and the perpendicular let fall upon it from 
the opposite angle being given. 

On a Une AB equal to the hypotenuse describe a semi- 
circle. Parallel to the hypotenuse, at a distance from it equal 
to the perpendicular, draw a line meeting the semicircle in C 
ABC is the triangle required. 



(30) Within a triangle to inscribe 
another given triangle. 



one similar to 




Fia. 19. 



On BC construct a triangle BCD similar to the second given 
triangle. Join DA by a line meeting BC in E. Trom E draw 
lines EF and EG parallel to CD and BD. Join FG. EFG is 
the triangle required. 
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(31) To construct a triangle having a given perimeter 

AB, and its sides in a given ratio, as 2 : 3 : 4. 

Draw the perimeter AB and divide it into 9 equal -parts, 
2 + 3 + 4 = 9. From A to the 4th division will be one side, 
from the 4th to the 7th division a second side, from the 7th 
division to B the third side of the triangle. The problem 
resolves itself into this : Given the three sides of a triangle, to 
construct it. (22 Euc. I.) 

(32) To draw a triangle having a given angle, the 

base and the sum of the remaining sides. 




Fig. 20. 



Draw a triangle ABC, making the angle BAG equal to the 
given angle and the line AC equal to the sum of the remaining 
sides. Make the angle CBD equal to ACB. ABD is the 
triangle required. 

(33) To draw a triangle whose perimeter is 3" and 
its angles as 2 : 3 : 4. 

Determine the angles of the triangle thus : 

180x2 .^o 180x3 en" 180x4 ^n- 

On AB as base which is equal in length to the perimeter, 
construct a triangle having the required angles. From C, the 
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centre of tMs triangle, draw lines CD and CE parallel to the 
sides of the triangle. CDE is the triangle required. (29 Euc. I.) 




Fig. 21. 
(34) To construct a triangle whose perimeter is 5" 
Altitude 1^", and the vertical angle 45°. 

A 




Tig. 22. 
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Draw lines AB, AC, making 45° -with each other. With A 
as centre, and l^" radius, describe an arc DE. 

Measure on the line AB a length equal to half the peri- 
meter as AF, draw FG at right angles to AB, and meeting the 
line AH, which bisects the vertical angle in point G. "With 
G as centre, and radius GF, describe the arc KL. A hne 
tangential to the arcs KL and DE contains the base of 
the required triangle ; this tangent meets the lines AB and 
AG in points M and K The triangle AMN is the one 
required. 



(35) To inscribe a square within a triangle. 

_4 




Fig. 23. 



Draw AB, the altitude of the triangle ; make AC equal to 
AB and at right angles. Join CD by a line cutting AF in 
point E, a corner of the required square. Draw the sides 
of the square parallel to the altitude and the base of the 
triangle respectively. 



(36) To inscribe an oblong having a given side within 
a given triangle. 



Set off AD on AB equal to the side of the oblong. Draw 
a line from D parallel to AC, meeting BC in point E. 
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Draw EF parallel to AB, and Hnes FH, EG perpendicular 
to AB. GEFH is the oblong required. 




Fig. 24. 



(37) One angle of a triangle is 60°, the base 1-5", 
and the sum of the two sides 2 "5". Draw 
the triangle. 




Fig. 25. 



Draw a line AB equal to the sum of the sides, also a 
line BG making half the required angle with AB. With 
,V as centre, and radius equal ' to the given base, describe 
an arc cvitting BC in D and E. Make the angle FEB 
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equal to the angle FEE. Draw DG parallel to EF. 
the triangles AGD and AEF fulfil the conditions. 



Both 



(38) Given a circle, to draw a chord so that the angle 
subtended by it at the circumference of the 
circle may be equal to a given angle. 




Fig. 26. 



Draw a tangent from any point A in the circumference. 
Make the angle DAC equal to the given angle. AC is the 
chord required. 



(39) To construct on a given line AB as a chord, 
an arc of a circle, which shall be capable of 
a given angle. 

Make ABD equal to the given angle. Draw a hne from B, 
at right angles to BD, to meet the line bisecting AB at right 
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angles in point C, the centre of the arc reauired. (33 Euc. 
III.) 




Fig. 27. 
(40) To draw a triangle when the verticle angle, base,, 
and sum of the sides are given. 




Fig. 28. 
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On a line AB equal to the base as a oliord, draw the 
segment of a circle to contain half the given vertical angle. 
With A as centre, and radius equal to the sum of the sides of 
the triangle, describe an arc cu.tting the segment in C. Join 
AC and EC. Make the angle DEC equal to DCB. ABD is 
the triangle required. 

<41) To construct a square on AB as one side. 

At one end B of the given line erect a perpendicular EC. 
Ma^e EC equal in length to AB. With A and C as centres, 
and radius equal to the given side, describe arcs meeting in 
point D. ABCD is the square required. (46 Euc. I.) 

(42) Given the diagonal AC of a square, to construct 
it. 

Bisect AC in 0. With'O as centre, and radius OA, describe 
a circle intersecting a line bisecting AC at right angles in 
points B and D. ABCD is the square required. 

<43) To construct an oblong or rectangle, two ad- 
jacent sides AB and AD being given. 

At A erect a perpendicular to AB equal in length to AD. 
With B as centre, and radius AD, describe an arc ; with D as 
centre, and radius AB, also describe an arc : the arcs intersect 
in point C. ABCD is the oblong required. 

<44) Given one side and a diagonal of an oblong, to 
construct it. 




Fig. 29. 
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Bisect the diagonal AB in point 0. With as centre, and 
radius OA, describe a circle. Set off from A and B, AC and 
BD equal to the given side. Join AD and BC. ABCD is 
the oblong or rectangle required. 

i(45) To draw a rhombus, one of the sides AB and 
one of the acute angles being given. 

From a point A draw two lines meeting together and con- 
taining the given angle. From A make AB and AD equal in 
length to each other. With B and D as centres, and radius 
AB, describe arcs intersecting in point C. ABCD is the 
rhombus required. 

(46) To draw a rhombus, a diagonal BP and one of 

the sides GH being given. 

Take points E and S' as centres, and describe arcs with 
Tadius equal to GH, meeting in M and E". EMFIf is the 
rhombus required. 

(47) To draw a rhomboid when AB and BP are the 

lengths of two adjacent sides, and S is one of 
the angles. 

D 




Make the angle BAD equal to S. Mark off AD equal to 
EF. With B as centre, and EF as radius, describe an arc ; with 
D as centre, and radius AB, also describe an arc. The arcs 
intersect in point C. ABCD is the rhomboid required. 



28 



GEOMETEICAL DKAWING. 



(48) To draw a rhomboid, a diagonal AC and two 

adjacent sides AB and AD being given. (See 
last figure.) 

With A and C as centres, describe arcs with radius AB, 
above and below AC ; also, with A and C as centres, and radius 
AD, describe arcs intersecting the first two arcs in E and F. 
ABCF is the rhomboid required. 

(49) To construct a trapezium with pairs of equal 

adjacent sides, when the adjacent sides are 
2" and 1" and the included angle 120°. 

, Draw two lines AB and BC making 120° with each other, 
and 2" and 1" in length respectively. Join AC. On the 
oiDposite side of AC make a triangle ADC equal to the triangle 
ABC. ABCD is the trapezium required. 

Note. — The diagonals of a trapezium with pairs of equal 
adjacent sides are always at right angles to each other. 

(50) To inscribe a square within a trapezium having 

pairs of equal adjacent sides. 




Fig. 31. 



Draw the diagonal AB ; make AC equal to AB and at right 
angles. Join CD by a line cutting AE in F, a corner of the 
required square. The sides of the square are drawn parallel to 
the diagonals. 
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(51) To place a rectangle within a square ABCD, the 

length of one side being given. 

Draw the diagonals of the square AC and BD. From C 
on AC set off CM equal to the given length of side. Bisect 
CM hy a line meeting CD and CB in E and P. Draw FG 
and EH parallel to AC. EFGH is the required oblong. 

(52) To find the centre of a given circle. 

Draw any two chords. Bisect the chords by lines at right 
angles, intersecting in point the centre of the circle. (1 Euc. 
III.) 

(53) To draw a tangent to a given circle or arc, at 

a given point of contact B. 




Find the centre C of the circle or arc by the last problem. 
From C draw the radius CB and produce it, making BA equal 
to CB. "With A and C as centres describe arcs intersecting in 
E. A hne drawn through E and B is the tangent to the 
circle. (16 Euc. III.) 

_^o;e._The Hne AC is a normal to the circle. 
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(54) To draw a tangent to an arc, without using the 
centre from which the arc is described. 




Fig. 33. 

AB is tlie arc and C the point of contact. With C as 
centre, and any radius, describe a circle, cutting the arc in 
1 and 2. With centres 1 and 2, and any radius, describe 
arcs meeting each other in point 3. Draw a line from 3 
through C, cutting the circle in points 4 and 5. With 4 
and 5 as centres, describe arcs meeting in point 6. A line 
drawn from 6 through point of contact C is the tangent 
required. 



(55) Prom a point B outside a circle, to draw a line 
cutting the circle in two points, x and y, so 
that the chord xy shall be equal to a given 
straight line AD. 



Set off the length of AD anywhere in the circle, as EF. 
With the centre C of the circle as centre, and radius CB, 
describe an arc meeting EF produced in point. G. With B 
as centre, and radius FG, cut the circumference of the circle in 
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X. Draw a line from B through x, meeting the ch-cumference 
in y. The chord required is xy. 




Fig. 34. 

(56) Draw a straight line AB, 4" long; trisect it 
at points C and D ; at C erect a perpendicular 
CB, I" long. Draw the arc of a circle to 




Fig. 35. 

pass through AB and B without finding or 
making use of the centre, and determine at 
least six other points in the arc. 
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With A and B as centres, and radius AB, describe in- 
definite arcs. Draw lines from A and B through E, to 
cut the arcs in F and G. Set off from these points equal 
chords each way along the arcs, as 1, 2, 3, &c. Draw lines 
from A and B through these points of division. Bl cuts Al 
in point R, in the supposed circle, and B2 cuts A2 in another 
point Q, &c. The problem is completed by taking the points 
in their proper order, and drawing* the curve freehand through 
the points. 

(57) To draw a straight line tangential to a circle, 
from a point outside the circumference. 




Fig, 36. 

A is the circle, and B the given point. Join B and C, 
the centre of the circle. Bisect BC4n D. On CB describe a 
circle, cutting the circumference in E and C. From B draw 
lines through the points of contact E and F. BE or BF is the 
tangent required. 

(58) To draw a tangent to two equal circles; o, 
exterior ; h, interior. 

a. Join the centres of the circles A and B, erect perpen- 
diculars at A and B to the line AB, meeting the circumferences 
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■of the circles in H and I. Through these points of contact 
draw the tangent MN. 

I. Join the centres of the circles A and B. Bisect AB in 




Fig. 37. 



C, and describe semicircles on AC and CB ; these semi- 
circles cut the circumferences of the circles in D and E. 
Through these points of contact draw the tangent FG. 



(59) To draw an exterior tangent to two unequal 
circles. 




Fig. 38. 



Join the centres A and B. Bisect AB in C, and describe a 

# c 
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semicircle on AB. Set off DE equal to the radius of the 
circle B. Make AF equal to AE. Draw a line from A 
through point F on the semicircle, cutting the circum- 
ference of the circle A in G. From B draw a line parallel 
to AG, cuttiag the circumference of the circle B in H. 
Through G and H, the points of contact, draw the tangent 
required. 

(60) To draw an interior tangent to two unequal 
circles. 




Join the centres A and B, and describe a semicircle on AB. 
CD equals the radius of the circle B. "With A as centre, and 
radius AD, describe an arc, meeting the semicircle in E. Draw 
AE, cuttiag the circumference of circle A ia F. From the 
centre of the circle B draw a line parallel to AE, meeting the 
circumference of circle B in G. Through F and G, the points 
of contact, draw the tangent required. 



(61) To draw a circle of a given radius E, which 
shall be tangential to two converging straight 
lines, AB and CD. 
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Draw EG and HK parallel to AB and CD respectively, at 
^ ^ M 




Fig. 40. 



distances equal to the radius E. These Unes intersect in L, 
the centre of the required circle. 

(62) Griven two circles tangential to each other exter- 



''46\ 



721 



Fig. 41. 
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nally, to circumscribe a triangle whose angles 
shaU be 46°, 62°, and 72°. 

Draw a line AB tangential to the two circles by Problem 59. 
From any points in A and B draw lines making 46° and 72° 
with AB. Lines drawn parallel to these, each tangential to a 
circle, complete the triangle ABC required. 

(63) To inscribe a circle within a given triangle 
ABC. 




Fig. 42. 

Bisect the angles BAG and CBA hy lines meeting in D, the 
centre of the triangle. Draw DE at right angles to AB. 
With D as centre, and radius DE, describe the circle required. 
(4 Euc. IV.) 

(64) To describe a circle to touch any three given 
straight lines. 

Bisect two of the angles formed by the lines or the lines 
produced, and proceed as in the last problem. 



(65) To draw a circle of a given radius to touch a 
given straight line AB, and a given circle C. 

Draw FG parallel to AB, at a distance from AB equal to 
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the given radius. Draw the line CD, and set off DE equal 
to the radius of the required circle. An arc described from C 




Fig. 43. 

with radius CE, meets FG in point O, the centre of the 
required circle. 

(66) To draw a circle of a given radius D to touch a 
given straight line AB, and to enclose a given 
circle 0. 

A B 




Fig. 44. 
Draw any diameter across the circle C, and measure from 
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one end of it a distance 1, 2 equal to the given radius. Draw 
a line 3, 4 parallel to AB, at a distance from ,AB equal to D. 
With O the centre of the circle C as centre, and radius 02, 
describe an arc meeting the line 3, 4 in point 5, the centre 
of the required circle. 



(67) To draw a circle of a given radius tangential to 
two giv6n circles O, 0. 




Fig. 45. 



Draw the radius CE in each circle and produce them. 
Make ED equal to the radius of the required circle; arcs 
described from C and C, with radius CD, intersect in 0, the 
centre of the required circle. 



(68) To draw a circle of a given radius, tangential to 
and enclosing two given circles. 



From any points, as A and B in the given circles, draw 
indefinite lines through the centres. Set oif from A and B 
the radius of the required circle, as AE and BF. From C 
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as centre, and radius CE, and from D, with radius DF, describe 
arcs intersecting in G, the centre of the required circle. 




Fm. 46, 

(69) To draw a circle to touch a straight line AB 
alid a given circle C in a given point P. 

_A : M M- 




Fig. 47. 
Draw the radius CP. Through P draw a tangent to the 
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circle, meeting AB in point M. MN is drawn bisecting the 
angle AMP, and meeting CP produced in H, the centre of 
the required circle. 

If a Hne be drawn from point M bisecting the angle BMP,, 
and meeting PC produced, the centre of a circle is found thai 
will enclose circle C, be tangential to it at point P, and tangen- 
tial to the hne AB. 

(70) To draw a circle to pass through a given point 
P, and tangential to two given converging 
straight lines. 




Fig. 48, 

Draw BD bisecting the angle CBA. With D as centre,, 
and radius DE, describe a circle tangential to the two con- 
verging lines. Through P draw a Ime PB, cutting the cir- 
cumference of this circle in point F. From P draw a line 
parallel to DF, meeting BD in point G, the centre of the 
required circle ; GH is the radius drawn perpendicular to AB. 



(71) To draw a succession of circles to touch two 
straight lines and each other in succession. 

The first circle C is drawn by Problem 61. 
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Draw the radius FG at right angles to AB, and HK at 
right angles to the bisecting line LF, meeting DE in point 
K. Make KM equal to HK, and draw MN at right angles 




Fig. 49. 



to DE, meeting LF in N, the centre of the second circle. 
This construction repeated gives the centre of a third circle, 
and so on for others, either to the right or left of the first 
circle. 



(72) To inscribe two circles having given radii A and 
B, v/ithin a given circle O, tangential to each, 
other and the given circle. 




Fig. 50. 
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Draw a diameter DE, and produce it beyond E. From E 
set off EF on EC within the circle equal to A ; and from F as 
■centre, FE as radius, inscribe the first required circle. From 
D, with radius B, set off DG- on DC within the circle ; and 
from E, same radius, set off EH outside the circle. Then from 
the centre of the given circle C, with radius CG, describe an 
arc; and from F, with radius FH, describe another, cutting 
that from G in K, which is the centre, B being the radius of 
the second required circle. 

Note. — The sum of the diameters of the inscribed circles 
must not be greater than the diameter of the given circle, 

(73) To describe a circle to touch a given circle in a 
given point A, and to pass through a point 
B outside the circle. 

Join AB, and bisect AB by a line at right angles, meeting a 
line drawn from A through the centre of the given circle in 
point C. With C as centre, and radius CA or CB, describe the 
circle. 

<74) To draw a circle to touch a given circle O, and 
a given line AB in point P. 

A E f 




Fig. 51. 
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Draw PR at right angles to AB. With E as centre, and 
radius EP, describe a circle cutting the given circle in points 
D and E. Draw a line through points D and E, meeting 
AB in F. From F draw a tangent to the circle C, having 
the point of contact S. Draw the line CS, meeting PR in 
T, the centre of the circle required. 

(75) To draw a circle to pass through two given 
points P and Q, to touch a given circle C. 




Fig. 52. 



Draw AB bisecting at right angles PQ. Take any point on 
AB as centre, and describe a circle passing through P and Q, 
cutting the circumference of the circle C in points D and E. 
Draw a line through D and E to meet P.Q produced in F. 
From F draw a tangent to the circle C. From the centte of 
the circle C draw a line through the point of contact to meet 
AB in G, the centre of the circle required. 

(76) To draw a circle passing through two given 
points O and D, and tangential to a given 
straight line AB. 
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Join DC, and produce the line to meet AB in E. EF is a 
mean proportional between EC and ED. Draw FO at right 




Fig. 53. 



angles to AB, meeting the line GH, drawn bisecting CD at 
right angles in point 0, the centre of the circle required. 

Note,~-'Eoi mean proportional, see Problem 128. 



(77) To describe a circle tangential to a given circle 
A and a given straight line BO, and passing 
through a given point P. 




fie. 54. 



Through the centre of the circle A draw a Une perpendicular 
to BC, cutting the circumference of the circle A in points D 



PKACTICAL GEOMETRY. 



45 



and E, and the line EC in F. Draw a line from T> through 
point P, and produce it indefinitely. Find a fourth propor- 
tional DG, greater to the three lines DF, DE, and DP. A 
circle drawn passing through the points G and P, tangential to 
EC, by Problem 76, is the circle required. 

Note. — For fourth proportional, see Problem 135. 



<78) To describe a circle passing through a given 
point A, to touch and enclose two given 
circles. 




Fig. .1.5. 



Let A be the given point, B and C the centres of the given 
circles. Draw the common tangent PQ through the external 
centre of similitude 0. Describe a circle passing through PQA 
cutting OA in A' and the circle C in Q'. Draw a Hne through 
QQ' meeting AA' in point E. Draw the tangent ED to the 
circle C. From draw a line through D, meeting the second 
circle in the farther point E. Points D and E are poiats of 
contact of the required circle. Lines EB and DC meet in 
point M, the centre of the required circle. 
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If the other tangent from E be taken, a, circle is obtained touch- 
ing the given circles externally and passing throjigh point A. 

If the tangent passing through the internal centre of simili- 
tude (instead of the tangent PQ), circles are obtained touching 
one of the given circles externally and the other internally. 

(79) To describe a circle enclosing any three given 
circles A, B, and C tangentially. 




Fig. 56. 

Join the centres of the two largest circles A and B, produce 
this line to meet their circumferences in D and E. From D 
and E set off DF, EG equal to the radius of the circle C. Join 
the centre of the circle C with points F and G. Bisect CF 
and FG by lines meeting in. 0, the centre of the required circle. 
The radius OH is found by drawing a line from 0, through 
the centre of the circle A, meeting the circumference in H. 

N.B. — The above problem is an approximation. It may be 
accurately worked by describing circles with FB and AG as 
radii, point C the centre of the smaller circle being taken as a 
given point and applying problem 78. It may be also 
accurately worked by finding the line of similitude, poles, and 
radical centre of the circles. 
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(80) To inscribe a circle within a trapezium ABOD, 
having pairs of equal adjacent sides. 




Fig. 57. 
Bisect the angles EGA and DEC by lines meeting in E, the 
centre of the trapezium. Draw EF at right angles to EC. 
"With E as centre, and radius EF, describe the circle required. 

(81) Within a sector to inscribe a semicircle. 

A 
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Bisect the angle BAG by a line AD ; at D draw a tangent 
by Problem 53. Bisect the right angles formed by the tangent 
and AD by Hnes meeting BA and AC in points E and F. 
Join EF by a line meeting AD in G. G- is the centre of the 
required semicircle, and GD is the radius. 

A semicircle may be placed mthin an isosceles triangle by the 
same method. 



(82) Within a sector to inscribe a circle. 

A 




Bisect the angle BAG by a line AD ; at D draw a tangent 
DE, by Problem 53. Produce AC, meeting the tangent in E. 
Bisect the angle DEA. F is the centre of the required circle, 
and FD is the radius. 



(83) Within a sector to inscribe a square. 

Draw AD at right angles to AB, and equal in length. Join 
DC by a line cutting the arc of the sector in point E. Draw 
EF parallel to AB. EF is a side of the required square. 
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Fig. 60. 

<84) To inscribe a square within a given circle. 

Draw two diameters of the circle at right angles to each 
other, meeting the circumference of the circle in points AC 
and BD. Join the points. 



<85) To describe a square about a given circle. 

Find points ABCD as in the last problem. With these 
points as centres describe arcs with a radius equal to that of 
the circle, and intersecting each other in points EFGN. Join 
the points. 

(86) To inscribe two equal circles within a square. 

Draw a diagonal of the square, thus dividing the square 
into two equal isosceles triangles. Witliin each triangle place 
a circle. 

D 
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(87) To inscribe the largest possible semicircle within. 
a square ABCD. 




Fig. 61. 

Draw the diagonals AC and DB. Describe a semicircle on 
DB. Draw EF at right angles to AD. Join P and C. 
Through point G drawGH parallel to FE. H is the centre 
and HG the radius of the semicircle required. 

(88) To inscribe four equal semicircles, having their 




Fig. 62. 

diameters adjacent, within a square, 
arc to touch one side of the square. 



Each 
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Draw the diagonals which divide the square into four equal 
triangles. Inscribe a semicircle within each triangle. 



(89) To inscribe four equal semicircles, having their 
diameters adjacent, within a given square. 
Each arc to touch two sides of the square. 




Draw the diagonals AC, BD, arid the diameters EF, GH, 
of the given square. Bisect DG in K, and EA in L. Join KL 
by a line intersecting EF in M. With as centre, and radius 
OM, set off 01!^, OP, OQ. Join these points by lines (which 
are the adjacent diameters), meeting the diagonals of the square 
in points 1, 2, 3 and 4, the centres of the required semicircles. 



(90) To inscribe four equal circles within a given 
square, each circle touching two others and 
two sides of the square. 

Draw the diagonals and diameters of the square, meeting 
in E ; also the remaining diagonals of the four smaller squares, 
meeting the diagonals of the given square in points 1, 2, 3 and 
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4 Join 1, 2, meeting GE in point 5. 
centres, and 1, 5 is the radius required. 



1, 2, 3 and 4 are the 



O 

i_ 5 



Fig. 64. 

(91) To inscribe four equal circles within a given 
square, each circle touching two others and 
one side of the square. 

_D C 
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Draw the diagonals and diameters of the given square, 
meeting in E. Bisect one of the angles of 45°, as DCE, the 
line bisecting meeting nearest diameter in point 1. From E 
set oflf El on each semi-diameter in points 2, 3 and 4, the 
centres of the required circles. 1, D, is the radius required. 
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(92) To inscribe eight equal circles within a square. 

Draw the diagonals and diameters of the square, thus divid- 
ing the square into eight equal isosceles triangles. Within 
each triangle place a circle., 

(93) To inscribe three equal circles within an equi- 

lateral triangle, each circle touching two 
others and one side of the triangle. 




Fig. 66. 



Find the centre of the triangle, and draw lines from the 
corners of the triangle to the centre, thus obtaining three equal 
triangles ; in each triangle place a circle. 



(94) To inscribe three equal circles within an equi- 
lateral triangle, each circle touching two 
others and two sides of the triangle. (See Fig. 
67, p. 54.) 

Find the centre of the triangle. Through the centre draw 
hnes from the corners of the triangle, meeting the opposite 
sides, thus obtaining three equal trapezia. "Within each 
trapezium inscribe a circle. 
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i'lQ. 07. 

(05) To inscribe three circles in any triangle, the 
circles touching each other and one side of 
the triangle. 




Fig. 68. 



Find D, the centre of the triangle. The lines DA, DB and 
DC divide the given triangle into three elementary triangles. 
Wilhin each triangle inscribe a circle. 
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(96) To inscribe three circles in any triangle, each 
circle touching each other and two sides of 
the triangle. 




Fig. 69. 



Find D, the centre of the triangle. Draw lines DE, DF 
and DG at right angles to the sides of the triangle, dividing 
the triangle into three trapezia. Within each trapezium 
inscribe a circle. 

(97) To inscribe six equal circles within an equilateral 
triangle. 




Fig. 70, 
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Proceed as in Problem 93 for the first three. From 
centres 1, 2 and 3, and with a radius equal to 3, 1, set off points 
4, 5 and 6. These points are the centres of the remaining 
three circles required. 

(98) To inscribe six equal circles within an eqiiilateral 
triangle, each circle touching one side of the 
triangle. 




Fig. 71. 

Draw lines bisecting each angle, thus dividing the equi^ 
lateral triangle into six equal triangles. Within each triangle 
place a circle. 

(99) To inscribe a triangle within a circle, having 
angles of a given number of degrees, — in this 
case 45', 60°, and 75°. 

At any point A in the circumference of the given circle 
draw a tangent DE. The angle DAB = 45°, and the angle 
EAC = 60°. Join BC. The angle at B = 60°, at C = 45°, at 
A =75°. 

Note. — By the same method as shown in tliis problem. 
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a triangle may be inscribed within a circle similar to a given 
triangle. (4 Euc. IV.) 




(100) To describe a triangle about a circle, having^- 




Fig. 73. 
angles of a given number of degrees, — in thiat 
case 60°, 45°, and 75°. 
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Make the angle BAG = 180° - 60° = 120°. 
„ DAG = 180° -45° = 135°. 
The sides of the triangle are tangents to the circle at points 
B, C and D. (3 Euc. IV.) 

Note. — By the same method as shown in this prohlem 
a triangle may be described about a circle similar to a given 
triangle. 

<101) To inscribe three equal semicircles having their 
diameters adjacent within an equilateral 
triangle, each semicircle touching one side of 
the triangle. 

Pind the centre of the triangle, and draw lines from the 
corners of the triangle through the centre, meeting the sides in 
A, B and C, thus dividing the triangle into three equal 
"triangles. In each triangle place a semicircle by bisecting the 
Tight angles at A, B and C. 



(102) To inscribe three equal semicircles having their 




diameters adjacent within an equilateral 
triangle, each semicircle touching two sides of 
the triangle. 
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Find points A, B and C as in Problem 93. Join AB, and 
describe a semicircle on AB, with point 1 as centre. From 1 
draw a line at right angles to the side of the triangle, meeting 
the semicircle in point 2. Draw a line from 2 to the centre 
of the triangle, meeting the side in point 3. From 3 draw a 
line 3, 4 parallel to 1, 2. Through 4 draw a line 5, 6 parallel 
to AB. On 5, 6 construct an equilateral triangle. The sides 
are the adjacent diameters. Points 4, 7 and 8 are the centres 
of the required semicircles. 

(103) To construct a regular polygon on a given line 
AB. 



T 
X 


M 


^^^5i-— _ 


— — ^^==^ 




N 



Fig. 75. 

Bisect AB by a line MN at right angles. With A as 
centre, and radius AB, describe an arc B6; point 6 is the 
centre of a hexagon, having AB as one side. Divide the 
arc B6 into six equal parts, in points 5, 4, 3, 2 and 1. 
With 6 as centre describe the arc 5X. Take X as centre, 
■and with radius XA, describe a circle. AB is the side of a 
pentagon inscribed within the circle. To construct a heptagon, 
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proceed as in the pentagon, but describe the arc 5Y above.. 
Y is the centre, and YA the radius of a circle, that AB will 
measure seven times round its circumference. It will be 
evident any regular polygon may be thus constructed. 

N.B. — The above problem is an approximation, but useful 
for practical purposes. 

(104) To divide the circumference of a given circle A^ 
into equal arcs by means of the compasses 
only. 




The radius AB, set off from B, divides the circumference! 
into six equal parts, and therefore into three and two. With 
the chord of J the circumference, describe arcs from B and E 
as centres, the arc^ intersecting in H and K. AH and AK 
are chords of ^ the circumference, and arcs described 
from H and K as centres, with radius AB, again bisect the 
quadrant ; from points G and as centres, with AH and AK 
as radii, describe arcs intersecting in L. The radius AE is 
medially divided in L; AL is the chord of -^ of the cir- 
cumference, and by taking alternate points, we have the 
circumference divided into five equal parts. 
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<105) Given the perimeter of a regular polygon, to 
construct it. 

Divide the perimeter into as many equal parts as the 
polygon has sides. On one of the parts construct the 
polygon, by Problem 103. 

(106) To construct a regular hexagon on a given line 
AB. 

With A and B as centres, and radius AB, describe arcs 
meeting in point 0. With as centre, and radius OA, 
•describe a circle. Set off AB round the circumference, and 
join the points. 

<107) To find the angles the sides of a regular polygon 
make with each other. 

li y — number of sides, and x = number of degrees 
between the sides, 



••• 22/ -4 



X 90 = a;. 



y 

For example, find the angle between the sides of a regular 
pentagon. 

^^ ~ ^ X 90 = AJL^ = 108° between the sides. 
5 5 

(108) To inscribe any regular polygon within a 
circle. (See Fig. 77, p. 62.) 

Divide the diameter AB into as many equal parts as the 
required polygon has sides, — in this case five. 

With A and B as centres, and radius equal to the diameter, 
describe arcs intersecting in M. From M draw a line through 
the second division on the diameter, to meet the circumference 
of the circle in point C. AC is a side of the polygon required, 
— ^in this case a pentagon. 

N.B.— The above problem is an approximation, but useful 
for practical purposes. 
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(109) To inscribe a regular heptagon within a circle. 

Divide the diameter into seven equal parts, and proceed as 
with the pentagon in. Problem 108. 

(110) To inscribe a regular hexagon within a circle. 

Set off the radius of the circle round the circumference, and 
join the points. 

(111) To inscribe a regular octagon within a circle. 

Draw a diameter AE and bisect it by a line CG at right angles. 
Bisect the right angles formed by these lines. These lines meet 
the circumference in BDF and H. Join the points. 

(112) Within a given circle to inscribe any number of 

equal circles, each circle touching two others 
and the circumference of the given circle, — in 
this case five. 
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Divide the circumference of the circle into the same 
number of equal parts as circles you wish to inscribe, by 
Problem 108. Join the centre and the points in the circuni- 




FiG. 78. 

ference of the circle. In other words, we have the circle 
divided into the same number of equal sectors as circles 
required. In each sector inscribe a circle. (See Problem 82.) 

(113) Semicircles having their diameters adjacent 
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may be inscribed within a circle by plac- 
ing a semi-circle in each sector. (See Pro 
Hems 81 and 112.) 

<114) To inscribe any number, as three, equal circles 
within a given circle, equidistant from each 
other and the circumference of the given 
circle. 




Fig. 80. 



Divide the circle into three times the number of equal 
sectors as circles required, — in this case nine. Join points 
1 and 3, 4 and 6, 7 and 9. In each of these triangles inscribe 
a circle. 



(115) To describe any regular polygon about a 
circle, — in this case a regular hexagon. 

Divide the circle into the same number of sectors as the 
polygon has sides. A hne bisecting one of the angles meets 
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the circumference of the circle in point A. At point A draw a 
tangent to the circle, meeting two of the radii in B and C. 
With the centre of the circle as centre, and radius OB, 
describe a circle intersecting the radii continued in points 
DEFG. Join the points. 

(116) "Within a polygon to place another having a 

given side. 

Divide the polygon into equal isosceles triangles, and proceed 
as in Problem 26. 

Note. — By this method any number of concentric polygons 
(polygons having the same centre) may be drawn. 

(117) To inscribe a square within a regular polygon, 

— in this case within a pentagon. 
C 




Fig. 81. 



Draw AD at right angles to the diagonal AB, and equal m. 
length to it. Join DC by a line intersecting AG in point E. 
Draw EE parallel to GH. EF is a side of the required square. 

E 
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(118) To inscribe a square in any regular polygon 
having an even number of sides. 

Draw a diagonal AB, and bisect it by a diameter CD. 
Bisect the right angles so formed by lines meeting the sides 
of the polygon in points EFGH. Join the points. 



(119) To inscribe as many equal circles within a 
polygon as the polygon has sides, each circle 
touching two others and one side of the 
polygon. 

Divide the polygon into equal isosceles triangles, and in each 
triangle inscribe a circle, by Problem 63. 

120) To inscribe as many equal semicircles within 
a polygon as the polygon has sides, each 
semicircle touching one side of the polygon 
and having their diameters adjacent. 

Divide the polygon into equal isosceles triangles, and in each 
triangle place a semicircle, by Problem 81. 



(121) To inscribe as many equal circles within a 
polygon as the polygon has sides, each 
circle touching two others and two sides 
of the polygon. 

Divide the polygon into equal trapezia, and within each 
trapezium inscribe a circle, by Problem 80. By joining two 
centres the radius is obtained. 



(122) To inscribe the largest possible equilateral tri- 
angle in a regular polygon. 

■ From one of the angular points A draw a line AB, bisecting 
the angle between the adjacent sides. From A draw lines 
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making 30° witli AB, meeting two sides of the polygon in 
points C and D. ADC is the triangle required. 

<123) To inscribe the largest possible equilateral tri- 
angle in a regular hexagon. 

By drawing lines joining the alternate angles the required 
equUateral triangle is inscribed within the hexagon. 



(124) "Within a square to inscribe the largest possible 
equilateral triangle. 

Draw a diagonal AC. From A draw lines making 30° with 
AC, and meeting two sides of the square in points D and E. 
ADE is the triangle required. 



(125) In a given square to inscribe the largest 
possible isosceles triangle, having a given 
base. 




Let ABCD be the given square. Draw the diagonal AC. 
From A set off AE, equal to the base of the required triangle. 
Bisect AE by a line at right angles, intersecting AB and AD 
in points F and G. The triangle FOG is the one required. 
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(126) In a given square to inscribe a square, one 
corner of whioli shall coincide with a given 
point B in a side of the given square. 




Fig. 83.', 

Draw a line from E, the given point, throiigli the centre of 
the square, meeting AB in F. EF is a diagonal of the required 
square. With O as centre, and radius OE, describe a circle 
intersecting the other sides of the given square ia poiatsJC 
and D. 

(127) Within a square to inscribe a regtdar octagon. 
B S 




Fig. 84. 
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The alternate sides of the octagon to coin- 
cide with the sides of the square. 

With the comers of the square as centres, and radius equal 
to half the diagonal, describe arcs meeting the sides of the 

square in points 1 8, the corners of the required 

octagon. 

(128) To find a mean proportional to two given 
straight lines AB and BO. 




Fig. 85. 

Draw a line AC, equal in length to the sum of AB and 
BC. Bisect AC in D, and describe a semicircle on AC. Draw 
BE perpendicular to AC. This ordinate BE is a mean between 
the segments AB and BC. 

.-. AB : BE : : BE : BC. (13 Euc. VI.). 

<I29) To divide a given straight line AB har- 
monically. 




In AB take any point C, and bisect CB in D. Describe a 
semicircle on CB, and draw a tangent from A to the semicircle. 
From point of contact E draw EF perpendicular to AB. 

.-. AB : AC : : BF : FC. 
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(130) To find a harmonic mean to two lines AB 
and BC. 




From B in AB set off BD equal to BC. Assume any point 
E outside. Join AE and BE. Draw a line through D parallel 
to AE, cutting BE in F, and produce the Hne indefinitely 
towards G. Make DG equal to DF. Join GE by a hne 
cutting AB in H. BH is the harmonic mean between the two- 
lines BD and BA. 

.-. BD + HA = BA-DH. 



(131) To determine the roots ^2, J3, J4, J5, J6^ 
a". 




PRACTICAL GEOMETRY. 71 

\/7. J^, 'JQ, v/10, the radius of a given 
circle A being taken as unity. 

The points A K, are found by Problem 104. 

From G- and C as centres, and CG as radius, describe arcs 
intersecting in M ; and from NO and E as centres, with AB 
as radius, describe arcs intersecting in P. Then AH = J2, 
CE = V3, BE= ^4, PB = V5, HM or KM= JQ, FM=J7, 
HK= ^8, EM= V9. PM= ^10. 



(132) Find ^2, ^3, ^5, ^/6, with the pencil com- 
passes only, the unit being 1" — i.e., no line is 
to be drawn. Put letters to show the differ- 
ent lines. 

Describe a circle with an inch radius, and proceed as in 
Problem 131. 



(133) A line CD represents 9. Obtain by construc- 
tion a line which will represent the square 
root of CD. 

Divide CD into nine equal parts, and find a mean propor 
tional DE to CD, and |-th of CD. DE is the square root 
required. 



(134) To find a third proportional — 1st, less, and 
2nd, greater — ^to two given straight lines 
AB and BC. 

{1st) At A in AB draw a line AD at any angle with it, 
and equal to BC, and join BD. From A as centre, radius AD, 
describe an are cutting AB in point E, and from E draw a line 
EF parallel to BD, cutting AD in point F. AF is the required 
third proportional less — i.e., AB : BC : : BC : AF. 

{2nd,) At A in AB draw a line AD at any angle with it, and 
equal to BC. Join BD, and produce AB and AD indefinitely. 
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From A as centre, with AB as radius, describe an arc intersect- 
ing AD produced in G, and from G draw a line GH parallel to 




■ Fig. 89. 

ED, meeting AB produced in point H. AH is the required 
third proportional greater — i.e., BC : AB : : AB : AH. (2 Euc 
VI.). 

(135) To find a fourth proportional to three given 
straight lines, AB, BO, and CD. 




Fig. 90. 

From A in AB draw a line AQ at any convenient angle. 
From A set off AF equal to CD, akd AE equal to BC. Join 
EF. From B draw a line BG parallel to EF. AG is the 
fourth proportional greater. 

.-. CD : BC : : AB : AG. (2 Euc. VI.). 

If points BE be joined and a line from F be drawn parallel 
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-to BE meeting AE in point H, AH will be a fourth propor- 
tional less. 

.-. AB : EC : : CD : AH. 



<136) From a point A outside a given circle, to draw 
a line to meet the circle in points C and D, 
so that AD may be divided by the circum- 
ference of the circle in two parts of a 
given proportion. 




Draw a diameter EF from point A. Draw also any straight 
line, and divide it into the parts required, — in this case three 
•equal parts. AG is a fourth proportional less to ^ of the line, 
the whole line, and AF. Find a mean proportional AH to 
AG and AE. AC equals AH. Draw a line from A through 
■C, meeting the circumference in D. The line CD is f the 
length of AD. 

.-. AC : CD : : 1 : 2. 
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(137) To divide a line AB medially, or in extreme 
and mean proportion. 




Fig. 92. 

Bisect AB in C. Make BD equal to BC, and at right angles 
to AB. Join DA. With. D as centre, and radius DB, describe 
the arc BE ; with A as centre, and radius AE, describe the 
arc EE. 

.-. BE : FA : : FA : AB. (11 Euc. II.). 

Note. — If the problems in proportionals be worked to a scale 
of units the proportions may be practically proved. 



(138) To draw a triangle equal in area to a given 
regular polygon.^n this case a pentagon 
ABODE. 

Divide the polygon into equal isosceles triangles. The base 
of the triangle required will be equal in length to five times 
one side, and the altitude equal to the altitude of one of the 
isosceles triangles. 



(139) To draw a triangle equal in area to a given 
polygon, the base to coincide in direction 
with AB, and its vertex at the opposite 
angle D. 

(a.) Draw EF parallel to DA, meeting AB produced. The 
triangle AFD is equal to the triangle AED (triangles on the 
same base and between the same parallels). (37 Euc. I.). 
Draw CG parallel to DB, meeting AB produced. The triangle 
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ABG is equal to the triangle DBG. .•. tlie triangle DFG is. 
equivalent to the five-sided figure. 

D 




(b.) When the given polygon has a re-entering angle, as at C. 




Fig. 94. 
It is the best to begin by drawing CK parallel to DB, and 
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join DK. From D draw a line parallel to EK, meeting AB 
produced in H. The triangle KEH is equal in area to the 
figure BCDEK. Proceed -with the problem as in case (a.). 
•. the triangle GEH is equivalent to the six-sided polygon. 

<140) To draw a square equal in area to a given 
triangle. 

Find a mean proportional between the base and half the 
^altitude of the triangle. The mean proportional is the side of 
the square required. 

<141) To draw a triangle of any given area. 

Draw an oblong equal to the given area, and a triangle equal 
in area to the oblong. 

<142) To draw a rectangle equal in area to a given 
triangle. 

The sides of the oblong are equal to the base and half the 
■altitude of the triangle respectively. 

<143) To divide a triangle ABC into two equal parts 
or areas by a line drawn ftom one corner. 

Bisect one side AB of the triangle in D. The hne joining 
D and C divides the triangle into two equal areas. 

Note. — By the same method a triangle may be divided into 
any number of equal areas. If three equal areas, divide AB 
into three equal parts and draw Unes from C to the divisions 
■on AB. If five equal areas, divide the base into five equal 
parts, &c. 

(144) To bisect a triangle by a line drawn parallel 
to the altitude. 

Bisect AB in E, and draw the altitude CD. Find a mean 
proportional to BD and BE. Make BF equal to the mean 
proportional found. Draw FG parallel to the altitude; this 
line divides the triangle into two equal areas. 
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Fig. 96. 
(145) To bisect a triangle by a line drawn parallel 
to one of its sides. 




Fig. 96. 
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Bisect BC in D, and describe a semicircle on BC. Draw 
DE at right angles to BC. With B as centre, and radius BE, 
■describe an arc meeting BC in F. FG drawn parallel to AC 
bisects the triangle. 

<146) To divide a triangle into any number of 
equal parts, or having a given ratio, by lines 
drawn from one angle to the opposite side. 

Divide the base of the triangle into the required number 
of equal parts, and from the points thus found draw lines to 
the apex of the triangle. For a given ratio, as 3:2, divide 
the base of the triangle into five equal parts — i.e., 3 + 2. From 
the second division draw a line to the apex, which divides the 
triangle into the given ratio. 

(147) To divide a triangle ABC into any number 
of equal areas by lines drawn from a point 
D within the triangle. In this case three. 
c 




Fio. 97. 

Divide AB into the required number of equal parts, as 
1 and 2. Draw lines Dl and D2. Draw CE parallel to Dl, 
and CF parallel to D2. Join DE, DC, and DF, by lines 
which divide the triangle as required. If the lines CE and 
CF fall outside the triangle, the solution is obtained by Problem 
163. 
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(148) To divide a triangle ABC into three equal 
areas by lines drawn from the angles, 
meeting at a point within the triangle. 




Fig. 98. 

Divide AB into three equal parts. Draw DE parallel to 
AC. Bisect DE in F. Join F and the points ABC by lines 
which divide the triangle as required. 

(149) To draw a triangle standing on the same line 

c 




Fig. 99. 



80 



GEOMETEICAL DEAWING. 



as a given triangle ABO, and equal in area 
to it, but having a given vertex P. 

Draw from C a line parallel to the base, and a line from A 
through P, meeting the line drawn from C in D. Join PB, 
and draw DE parallel to PB, meeting AB produced in point 
E. EPA is the triangle required. 

(150) To draw a triangle when the vertical angle, 
base, and area are given. 




Fig. 100. 

On the base draw a rectangle equal to twice the area of the 
triangle. Also, on the base as a chord, describe the segment 
of a circle to contain an angle equal to the given vertical 
angle. The point where the segment meets the side or the side 
produced of the rectangle, is the apex of the triangle required. 



(151) To draw an equilateral triangle equal in area 
to a given triangle. 

On one side of the given triangle ABC construct an equi- 
lateral triangle ADC. From B draw a line parallel to AC, 
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meeting DA produced in E. A mean proportional AF, between 




Fig. 101. 



AD and AE, is a side of an equilateral triangle equal in area 
to the given triangle. 



(152) To construct a rectangle on a given line equal 
in area to a given rectangle. 




ABCD is the given rectangle. Produce AB, and make BE 
equal in length to the given line. Draw the line EC, meeting 
AD produced in point E. DF is the second side of the rect- 
angle required. 



(153) To draw a rhombus equal in area and having 
the same included angle as a given rhom- 
boid. 
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Find a mean proportional between the two adjacent sides of 
a rhomboid. This mean proportional is the side of the rhombus- . 
required. 

(154) To construct an oblong of a required area,— in 

this case 3 square inches. 

Draw an oblong having its alternate sides 3" and 1". 

(155) To construct a square of a given area. 

Draw an oblong of the required area. A mean proportional 
between the alternate sides is the side of the square required. 

(156) To construct a triangle on a given base AB, 

equal in area to a given triangle CDE. 




Fig. 103. 



Draw the altitude EF. Make AG a fourth proportional 
less to AB, CD and EF. AG is the altitude of the required 
triangle, having AB as a base. 



(157) To draw a square equal in area to the sum of 
the squares of ^", 1", and IJ" sides. 

Draw AB ^", and AC 1", at right angles to each other. 
The hypotenuse BC is the side of a square equal to the 
squares on AB and AC. Draw BD IJ" at right angles to 
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BC. The line joining CD is the side of a square equal in area 
to the sum of the given squares. (47 Euc. I). 

(158) To draw a square equal in area to a polygon. 

Draw a triangle equal in area to the polygon by Problem 
139. A mean proportional between the base and half the alti- 
tude of this triangle is the side of the square required. 



(159) To state the area in square inches of any- 

regular or irregular figure or polygon. 

Eeduce the given figure to a triangle of equal area by 
Problem 139, and proceed in the same way as given in Problem 
158. The side of the square thus found measured in inches 
is the square root, which, multiplied by itself, is the area in 
square inches. 

(160) To construct a triangle on a given altitude 

AB, equal in area to a given triangle ODE. 




a c 

Fig. 104. 

Find GH, a fourth proportional greater to the lines CD, EF 
and AB. GH is the base of the required triangle. 



(161) To draw a rectangle on a given line, equal in 
area to a given square. 

Find a third proportional less to the given line and a side of 
the given square. This third proportional is the second side of 
the rectangle required. See also Problem 152. 
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(162) To construct a triangle similar to a given one 
and equal in area to another given triangle. 




Fie. 105. 



Find squares equal in area to each triangle hy Problem 140. 
Draw a hne from A at right angles to AB, and set off distances 
AD and AE, equal respectively to the sides of the squares. 
Join DB. From E draw a liae parallel to DB, meeting AB 
produced in F. From F draw a line parallel to BC, cutting 
the hne AC in G. AGF is the triangle required. 

(163) Draw any trapezium ABOD, and divide it by 
a line drawn from G into two equal parts. 




Fia. 106. 
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Draw the diagonals AB and CD. Bisect AB in point E. 
Draw FG tkrough E parallel to CD. Join C and G by a line 
which divides the trapezium into two equal areas. 



(164) To construct an isosceles triangle of a given 
area and having a given vertical angle. 

Draw any triangle ABC, equal to the given area. Also an 
isosceles triangle DEE, having the given vertical angle. A 
triangle GHK, equal in area to ABC and similar to DEF, by 
Problem 162 is the one required. 



(165) To divide a triangle ABO into any number of 
equal or proportionate parts by a line or 
lines drawn from a given point D in one 
side. 




Divide AB into the required number of equal parts, or ratio, 
as at E. Draw CF parallel to DE. The line FD divides the 
triangle as required. 

(166) To find a point O in a produced diagonal of a 
given square, from "which, if a line be drawn 
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parallel to one side and to meet the farther 
adjacent produced side of the given square, 
it will form with the produced diagonal and 
side a triangle equal in area to the given 
square. 




Fig. 108. 



Draw the diagonal AC, and produce it. Produce AB, and 
make AE equal to AC. From ,E draw EF parallel to BC, 
meeting AC produced in 0, the point required. 



(167) To divide a square into three equal areas by 
lines drawn parallel to a diagonal. 



Divide a side of the square, as DC, into three equal parts, 
and describe a semicircle on DC. Draw 2F, at right angles 
to DC. With D as centre, and radius DF, describe an arc 
meeting DC in G. Draw GH parallel to AC. The quadri- 
lateral ACGH is one-third the area of the triangle ADC. 
Make CK equal to CG, and draw KL parallel to AC. 
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A L 



Fig. 109. 



<i68) To inscribe within a given square ABCD, 
another square having its angles in the 
sides of the first, and of a given ratio to 
the square ABCD. 



Divide the square into the required ratio (as 3 : 2). Divide 
■one side AD of the square into five equal parts, and through 
the third point draw a line parallel to AB. Find a side of a 
square equal in area to the parallelogram f ths the area of the 
given square. With the centre of the given square as centre, 
•and rachus equal to haM a diagonal of a square f ths the area 
of the given one, describe a circle cutting the sides of the 
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given square in points EFGH, the corners of the required 
square. 




Fig. 110. 



(169) To divide a parallelogram ABCD into two parts 
by a line drawn from a point B in one side^ 
either equal or proportionate in area. 




Fig. 111. 

Equal in area. — Set off CF equal to AE. A line joining 
EF divides the parallelogram into equal areas. 
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Proportionate in area, as the given divided line 1, 3. — 
Divide AB into the same proportion as 1, 3 in point G. 
Draw GH parallel to BC, and bisect GH in K. From E, 
the given point, draw a line through K, meeting the oppo- 
site side DC in L. The line EL divides the parallelogram 
into the required proportionate parts. 



(170) To inscribe a rectangle of a given area within 
a circle of a given radius, — in this case a 
rectangle of 2" area and a circle of 1^" 
radius. 




Fig. 112. 

Describe a circle with the given radius, and draw a diameter- 
AB. Construct a rectangle ABCD, having an area of one- 
half the given rectangle. Also draw a rectangle, the radius- 
of the circle being one side, and equal in area to the rectangle 
ABCD, by Problem 152. At one end of the diameter, as at A, 
draw a line AM, perpendicular to AB, equal in length to DF.. 
From M draw a line parallel to AB, meeting the circumference 
in N. Set off BO equal to AN. OANB is the required 
rectangle. 
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(171) To draw a parallelogram equal to the area of 
a given triangle ABC, and having the same 
perimeter. 




- ^ Fig. 113. 

Draw two parallel lines at a distance from each other equal 

to the altitude CE. Set off PG equal to half AB, and CD 

. equal to BC. With G as centre, and radius equal to half AD, 

cut the Ime above in H. Draw FK parallel to GH. FGHK 

is the required parallelogram. 



<172) To construct a regular polygon equal in area 
to a given triangle AOB, — in this case a 
pentagon. 

Divide the side BC of the triangle into as many equal parts 
as sides in the polygon required. Make the angle CBE equal 
to one of the angles at the centre of the polygon. (The 

•angles at the centre of a polygon = iff j-^j — r-^ — ^ ) 

& r JO ^fy_ Qf gj^gg jj^ polygon./ 

Draw a line from a; parallel to AB, meeting BE in point y.. 
The mean proportional BF to AB and By is the radius of the 
■circle circumscribing the polygon. Set off the remaining 
angles at the centre, as EBG, &c. The arms thus found meet 
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the circumference of the circle in the corners of the polygon 
required. 



Fig. 114. 



(173) To draw a square or a circle equal in area to 
the diflference between two given squares or 
circles. 



Construct a square ABCD on AB as a side, or describe a 
circle having AB as a diameter. From B mark off BE, 
equal to the side of the second square or diameter of the 
second circle. The segment AE is equal to the required 
side of the square, or the diameter of the required circle. 
(47 Euc. I.) 

Note. — It is obvious that squares or circles may be drawn 
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by this method, equal to the sum of the areas of the given 
squares or circles, as shown in the figure. 




Fig. 115. 

(174) To construct a square :|th the area of a given 
square ABCD. 




Fig. 116. 
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Divide the base of the given square into four equal parts, 
and set off BE equal to one of them. A mean proportional 
BF to AB and BE is a side of the square required. 

<175) To construct a triangle J the area of a given 
triangle ABO. 




Fig. 117. 

•Divide the base of the triangle into three equal parts, and 
set off BE equal to one of these parts. A mean proportional 
BD to AB and BE is the base of the required triangle. 
Make AF equal to BD, and draw FG parallel to BC. AGF 
is the triangle required. 

(176) To construct an oblong ^ the area of a given 
oblong ABOD. 
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Bisect AB, and set off BE equal to half AB. A mean 
proportional BE to AB and BE is the base of the oblong 
required. Make AG equal to BE, and draw GH at right 
angles to AB, meeting the diagonal of the oblong in H. 
Draw HK parallel to AB, AGHK is the required oblong. 



(177) To divide a circle into any number of equal 
parts, equal in area and periphery. 
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Draw a diameter AB, and divide AB into the required 
number of equal parts, — in this case four. Semicircles 
described on AC, AD, AE and BE, BD and BC as diameters, 
divide the circle as required. 



(178) To divide a circle into equal areas by concentric 
circles. 

Draw a radius AB, and divide the radius into the required 
number of equal parts, — in this case three. Describe a 
semicircle on AB, and at points 1 and 2 draw hnes per- 
pendicular to AB, meeting the semicircle in points 3 and 4. 
With A as centre, and radii A3 and A4, describe circles. 
These circles divide the given circle into the areas required. 
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Fig. 120. 

(179) To construct an eqmlateral triangle which has 
one angle at B on the given line OB, and the 
remaining angles on OA and 00 respectively. 



F M 




Fig. 121. 
Take any point E on OB. Make the angles DEF and DEG 
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each equal to 60°. On GF construct an equilateral triangle, 
the third corner of which is on the line drawn from to B, 
Draw BM parallel to FH and BN parallel to GH. Join MN. 
The triangle MEN is the equilateral triangle required. 



(180) P is a given point on a given line PM. Draw 
two lines through P making equal angles 
with PM and meeting a second given line 
CM in points equidistant from a given point 
O in it. 




Fm. 122. 

From P draw PQ at right angles to PM. Find a mean 
proportional MN between CM and MQ. Set- off the length 
MJSr from C in points R and S. The lines PR and PS make 
equal angles with PM. 



(181) To divide a given line A into two parts, such 
that the sum of the squares upon them 
shall be equal to the square on the given 
line BE. 

On line BE describe a semicircle ; also on BE as a chord de- 
scribe the segment of a circle containing 45°. From point B set 
off line A so that BC equals A. The line BC intersects the semi- 
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circle in D. Join DE. Set off the length of DE from A in 
point P, which is the required solution. 




— 1 

Fig. 123. 



(182) Through a given point P draw two lines 
cutting the two given parallel lines MN OR 
in such a way that the included area is 2 
square inches. (See Fig. 124, p. 98.) 



From P draw any line cutting MN and OR in points A and 
B. The oblong of which AB and AH are alternate sides is 
equal to two square inches. 

Draw HC parallel to AB, intersecting the line MN in point 
D. The parallelogram ABCD equals 2 square inches. 

Bisect CD in F, and draw from P a line through F inter- 
secting the two given lines in G and E. The figure ABEG is 
the one required, and 2 square inches in area. 

G 
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(183) To construct a triangle having a base If", a 
perimeter of 5", and an area of 1^ square 
inches. 




Fig. 125. 



Draw a liae and mark off the base AB, If". Consider these 
points A and B as the foci of an ellipse such that any triangle 
on AB as base, and having its apex C in the curve of the ellipse, 
shall be equal to the perimeter of the triangle. Construct on 
AB an oblong equal to twice the area required. The side 
opposite AB is shown as DE. This Hne intersects the curve 
of the elUpse in two points M and N. The triangle ABM is 
1^ square iaches. Also the triangle ABN. Either of these 
triangles fulfil the conditions. 

(184) Between the given converging lines AB, CD 
produced if necessary, place a line parallel 
to EF, in such a position as to form a four- 
sided figure with an area of 2 square 
inches. 
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Produce tlie given lines to meet in point G. Find the side 
of a square FH, equal in area to the triangle EFG. Also the 
side of a square FK, equal to the sum of the square on FH and 




Fig. 126. 

2 square inches. A triangle ACG is required similar to the 
triangle EFG, and equal in area to the square on FK, by 
Problem 162. The area of the four-sided figure AGEF is 2 
square inches. 



(185) Draw from A a straight line cutting the given 
straight lines ABODBFG, so that the sum of 
thd triangles above it may be equal to the 
sum of those below. 
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Join BD and DF. Draw Cc parallel to BD and Ee parallel 
to DF. Join ce, and draw Dd parallel to it. Join Ad, and 
draw ca parallel to it. Aa is the line required. 



G 



D 



u 



Fig. 127. 



(186) To draw the curve of an ellipse, having its 
major and minor axes AB and CD given, by 
means of intersecting arcs. 

The major and minor axes of an ellipse bisect each other 
at right angles in point O, the centre of the ellipse. With 
C as centre, and radius AO, describe an arc cutting AB in 
F^ and F^. These points are the foci of the ellipse. 
Divide OF'^ into any number of parts decreasing in length 
towards F^. With the foci alternately as centres, describe 
arcs with radii Al, A2, &c., and B^, B^, &c., intersecting 
each other in points which are in the curve of the ellipse. 
Thus, with Al as radius, and the foci as centres, describe 
arcs above and below AB ; with Bl as radius, and the foci 
as centres, also describe arcs; the arcs intersect in points 
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E, G, H, K, which are in the curve of the ellipse. Through 
the points thus obtained draw freehand the curve of the 
elhpse required. 




(187) To draw the curve of an ellipse, -when two 
conjugate diameters AB and CD are given. 

C 




Fig. 129. 



Diameters of an ellipse bisect each other in the centre of 
the elHpse. 

Enclose the diameters by a parallelogram, the sides being 
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parallel to AB and CD. Divide AH into any number of 
-equal parts, as 3, 4; also divide AO into the same number 
■of equal parts, as 1, 2. Draw lines from 3 and 4 to C ; also 
•draw lines from D through points 1 and 2, meeting the lines 
€4 and C3 in 6 and 5, which are points in the curve of the 
ellipse. Any number of points in the curve may be thus 
•obtained. Draw the curve freehand through the points. 

Note. — By similar construction an ellipse may be placed 
within or about a rhombus, a rhomboid, or an oblong. 



<188) To draw the curve of an ellipse by means of a 
paper trammel. 




Fig. 130. 



On a sHp of paper as the trammel, make EF = CO, and 
EG = AO. By keeping the points FG- always on the 
■diameters of the ellipse, or the diameters produced, point 
E will trace the curve. By marking any number of points 
at E as you move the trammel, points are obtained in the 
•curve of the elHpse required. 
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(189) To describe an ellipse by means of string, the 
transverse and conjugate diameters being 
given. 

4^ 




Fig. 131. 
Find the foci of the ellipse. Insert needles or pins in point 
C and each focus. Tie a piece of thread tightly around the 
three pins. Take out the pin at C and place the. point of your 
pencil inside the string. By moving the pencil and at the 
same time keeping the string tight, the curve of an ellipse will 
be produced. 

(190) Griven the curve of an ellipse to find the major 

V 




Fig. 132. 
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and minor axes, also the centre of the- 
ellipse. 

Draw any two parallel chords AB and CD. Bisect thesfr 
chords in E and F. Draw a Une through E and F, meeting 
the curve of the elKpse in points G and H. GH is a 
conjugate diameter. Bisect GH in 0, the centre of the 
ellipse. With as centre describe an arc cutting the curve- 
of the ellipse in points 1, 2 and 3. Through O draw 
lines KL and MN parallel to hues joining 1, 2 and 2, 3. 
These Hues are the axes required. 



(191) At point A in the cuirve of an ellipse, to draw a. 
normal or perpendicular to the curve ; also 
at point B a tangent. 




M 



Fig. 133. 



Find the diameters of the elUpse and the foci. Draw lines 
from the foci through point A; bisect the angle DAG by a 
Hne AE, the normal required. Draw Unes from the foci 
through point B; bisect the angle GBFl by the line BH,^ 
the tangent required. 



106 



GEOMETEICAL DKAWING. 



<192) To draw a tangent to an ellipse from a point 
A outside the curve. 




Fig. 134, 

From A draw any two lines across the ellipse, intersecting 
"the curve in points B, C, D and E. Draw the lines BE and 
•CD meeting in F, and from A a line through F meeting the 
■curve in G and H. Draw a line from G- through D, and a 
line from H through E, meeting in K. A line drawn from 
K through point F cuts the curve in points L and M, the 
points of contact. Lines drawn from A through L and M 
•are tangents to the curve. 

Note. — This method of drawing tangents appUes to all 
■conies, and may therefore he used for the circle, hyperbola, 
■and parabola. 



(193) To construct an oval or egg-shaped figure, the 
width AB being given. 

Bisect AB by a line CD at right angles, cutting AB in 
point E. From E, with radius EA, describe a circle cutting 
CD in F. From A and B draw lines through F. With A 
and B as centres, and radius AB, describe arcs cutting the 
lines AF and BF produced in points G and H. -From F 
•describe the arc GH, completing the oval. 
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tl94) If a line have its extremities in two lines, AB, 
BO at right angles to each other, any point 
G in the line BC will lie in an elhpse, of which 
BG- and BD would be the lengths of the semi- 
axes. 



Draw AB and BC perpendicular to each other and equal 
in length. Divide BC into any number of parts, 1, 2, 3, 
&c., decreasing in length towards C. From these points 
as centres, and radius BC, cut AB in points 1', 2', 3', &c. 
Join points 6, 1'; 5, 2'j i, 3', &c. From 1, 2, 3, &c. on 
BC, with CG as radius, cut off on each Hne 1, ; 2, ; 
3, 0, &c. Or from 1, 2, 3, &c. on AB, with BG as radius, 
set off on each line 1', ; 2', ; 3', 0, &c. Through points 
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draw the required curve, terminating in G and D. (Sefe 
also Problem 188.) 

A 

y 




6 5 f G 3 a 

Pig. 136. 



(195) To determine points in a parabola, the focus F 
and the director AB being given. 
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The line drawn througli F the focus, at right angles to AB the 
<iiiector, is the axis of the parabola. The point D bisecting 
FC is the vertex of the curve. Draw any number of parallel 
Jines through points X at right angles to the axis. With the 
focus as centre, and radius XC, cut the lines passing through 
X in points y on each side of the axis. These points are in 
the curve of the parabola. 

Note. — The drawing of a parabola is useful for the solution 
of problems in Graphic Arithmetic, 



(196) To determine points in a parabola, its ordinate 
AB and its abscissa BC being given ; also 
to draw a normal and a tangent to the cm-ve 
ftom point E. 

G 




Draw AB and BC at right angles to each other, and 
complete the parallelogram ABCD. Divide AB into any 
number of equal parts, and AD into the same number, as 
1, 2, 3, &c. From the points on AB draw lines parallel 
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to BC, and from the points on AD draw lines to C. These 
lines intersect each other in points X, which are in the curve 
of the parabola. 

Draw the line EF parallel to AB, produce BC, and. 
make CG equal to CF. Draw a line from G- through 
point E. This is the tangent required. The line EH 
perpendicular to the tangent is the normal required. 



(197) To determine points in a hyperbola, its diameter 
AB, abscissa BO, and ordinate CD being 
given. 




Draw BE parallel and equal to CD. Join DE. Divide 
CD and DE into the same number of equal parts, numbering 
from D. Draw lines to B from points 1, 2, 3, &c. on DE, 
and from A to points 1, 2, 3, &c. on DC. The lines inter- 
secting in points which are in the curve of the hyperbola, half 
of which is shown. 



(198) To describe a continuous curve of circular 
arcs of 60°, with radii of 1, 2, 3, 4, 5 andJ6 
quarter-inches successively. 



PKACTICAL GEOMETRY. 



Ill 



Draw any line AB equal to I", and from A, with radius AB, 
describe an arc ; and make the angle BAG 60°. Produce CA 
and make CD equal to J". With D as centre, and radius 




CD, describe an arc, and make the angle DCE 60°. Proceed 
with the others in the same way, adding ^" inwardly to each 
of the last preceding radii. 



(199) To construct the involute of a given circle A. 



Divide the circumference of the given circle into any 
number of equal parts, as six, and draw the radii. Draw 
tangents to the circle at the six points, and produce the 
tangents in one and the same direction, that from point 1 
being equal in length to ^th of the circumference, that from 
point 2 equal to ^rd, &c., and the last from point 6 equal to 
the circumference. Draw the curve freehand through the 
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outer extremities of these tangents, which will be the required 
involute. 




Fia. 141. 



Note. — The greater the number of points taken in the 
circumference of the circle the more accurate the involute. 
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If a circle rolls along a Hne, and is always in the same 
plane, a point moving with the circle describes a cycloidal 
curve. The director is the line along which the circle moves. 
The generator is the point connected with the circle. 

If the director is a straight line, a point on the cir- 
cumference of the circle traces a cycloid. 

If the poiat is witliin or outside the circumference, a 
trochoid is traced. 

If the director is a circle, the curves described by a 
point in the circumference or not, and as the circle rolls 
inside or outside the director, are the epicycloid, hypo- 
cycloid, epitrochoid, and hypotrochoid. 



(1) To determine points in a cycloid, when the director 
AB and the generating circle O are given. 




Through 0, the centre of the circle, draw ab parallel 
to AB, the path in which the centre O will move. Divide 
the circumference of the generating circle into any number 

H 
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of equal parts, as c, d, e, f, g. If. X be the generating 
point, it mil be at A at the commencement, and at the end 
of the revolution at B. On each side of Y set off the 
lengths 1, 2, 3, 4, 5, equal in size and number to the 
divisions in the circle. At these points draw perpendiculars 
to AB meeting 06 in 6, 7, 8, 9, 0. From each of these 
points as centres describe arcs with OY as radius, and 
from each point 1, 2, 3, &c. in BY, set off on these arcs 
the chords Yc, Yd, &c. The cycloid is drawn through the 
points m. In the figure only half the curve is shown, from 
B to X ; the other half, from A to X, is the exact counter- 
part of the first. 



(2) To draw the trochoid. 




Fig. 2, 

In this case the generating point is at X within the circle. 
Draw the radii Oa, Ob, Oc, &c. of the circle through the 
points of division in the circumference, and draw hues 
parallel to these radii through points 1, 2, 3, &c. in OA. 
By making each of these parallels equal to OX, we obtain 
points n through which to draw the curve of the trochoid. 
In the figure half the curve is shown. If point X is outside 
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the circumference, the curve will have a loop in it, formed 
by the motion of the circle along the director. 

(3) To draw the epicycloid and hypocycloid, the 
director AB and the generator O being 
given. 




Divide the generating circle into any number of equal 
parts, a, b, c, &c., and set off these lengths from' D on, the 
directing circle in points 1, 2, 3, &c. From X draw lines 
through 1, 2, 3, &c., cutting the circle of centres in /, g, h, 
&c. Prom each of these points describe circles similar 
to the generating circle, and set off from points 1, 2, 3, 
&c. the chords Da, Dh, De, &c., on the circles resting on 
them ; and through the points m the curve of the epicycloid 
is drawn. If the generating circle rolls inside instead of 
outside the directing circle, the curve traced is the 
hypocycloid. It is c'onstructed in precisely the same manner 
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as the epicycloid, excepting the measurements are inside 
instead of outside the directing circle. 

Note. — The property of cycloidal curves is important in the 
application of gearing. The straight line and the ellipse may 
be considered as variations of cycloidal curves. 



(4) To draw a chonchoid, X the pole and AB a 
straight line being given. 




Through X draw any number of lines, cutting AB in points 
1, 2, 3, &c. AC is given. Make ID, 2E, SF, &c. equal 
to AC; the curve drawn through these points is the 
chonchoid required. 

If point C is between X and AB, the same construction 
gives the inferior chonchoid. 

If AC is greater than AX, the inferior chonchoid has a 
loop in it. In every case the straight line AB is the asymptote 
to the curve. 



(5) To draw the cissoid. 

Describe a circle on AB, and draw any number of lines at 
pleasure from B to cut CD, which is perpendicular to AB. 
Make BZ, Bm, &c. equal to la, 26, &c., and draw the curve of 
the cissoid through the points. 
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Note. — If a chain be suspended at two points in a vertical 
plane, the curve so formed is a catenary, which is not a 
geometrical curve and cannot be constructed. 



(6) A railway train is running in a straight line at 
12 miles an hour. The door of one of the 
carriages swings open, so that each point of 
the door describes with uniform velocity a 
quarter of a circle about the hinge, and 
immediately closes again at the same rate, 
the whole time of opening and closing being 
half a second. The width of the door is 27". 
Draw the curve traced by a point on the 
edge of the door. Scale J" to a foot. 




First find the distance per second the train travels = 17'6 
feet. The door opens and closes in this distance. Draw a 
line 17'6 feet long by scale, and at the centre point set up a 
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perpendicular equal to the width of the door, and on it describe 
a quarter of a circle. Divide this arc into any number of 
equal parts, and the distance travelled per second into twice 
the number. Draw lines through h, c and d parallel to 1, 6, to 
meet the perpendiculars set up at points 1, 2, &c. a is the 
point on the door which traces the curve drawn through the 
intersections of the straight lines. The curve is a cycloid. 
(See Problem 1.) 
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The double accent (") signifies inches. Questions marked (*) have been 
set at examinations. 

*(1) Draw any two parallel lines, and find a point equi- 
distant from these lines. 

(2) Describe a triangle, the sides of which shall be 2'28", 
3-4", 3-36". 

*(3) Draw a circle with a radius of 1"6". Take a point 
■3'7" from the centre. From this point draw two tangents to 
the circle. 

'*(4) On a vertical line AB, 3" long, construct a triangle 
having an angle of 40° at A, and 50° at B. (Only one angle 
need be taken from the protractor.) 

*(5) Divide a line 7" long into six equal parts. On each 
part as diameter describe a semicircle, placing them alternately 
above and below the line so as to form a continuous curve. 

*(6) Divide a line 2^" long into four parts, in such a 
manner that the second shall be twice the length of the first, 
the third three times the length, and the fourth four times the 
length. 

(7) Make angles of 70°, 115°, 75°, 135°, 150°, without 
•using the protractor. 

(8) Construct a right-angled triangle, making the hypoten- 
Tise twice the length of the base. Inscribe a square within the 
triangle. 

(9) Draw nine circles of '52" radius in three rows, their 
■centres being in lines parallel to each other at 1'12" apart. 



120 GEOMETRICAL DRAWING. 

*(10) Draw two straight lines AB, CD, each 3" long; such 
that C is 1" from A, and D |" from B. Draw a straight line- 
which would bisect the angle formed by the two given lines 
if they were produced. 

*(11) Draw a sector of 2" radius, and having an angle of 
150°. Within this sector inscribe a circle. 

*(12) A trapezium has two sides, each 1'5" long, and the 
enclosed angle is 80°. The other two sides are each 2"4" long. 
In this trapezium inscribe a square. 

*(13) Make a triangle whose sides are 2'', 2|-", 2A", and 
inscribe a circle within it ; also describe a circle about it. What 
are the radii of these circles ? 

*(14) Construct an Equilateral triangle to contain an area of 
3 square inches. 

*(15) Construct a regular hexagon on a line AB, |-" long, as 
one of its sides. On each side of this hexagon construct 
another similar to it. 

*(16) With a radius of 1'25" describe a circle, and from a 
point P, distant 2'75" from the centre, draw a straight line PEG 
to cut the circle so that BC may be equal to 2". 

*(17) Construct a square equal in area to the sum of the 
areas of three squares whose sides are 1", 1'5", and 2"' 
respectively. 

*(18) Construct a pentagon with a perimeter of 10 J", and 
transform it into a square of equal area. 

(19) About a circle of 2" diameter circumscribe an octagon. 

*(20) About a circle of 1^" diameter place a triangle^ 
having; two of its angles 30° and 105°. On one side of the 
triangle as base construct a rhomboid equal in area to the 
triangle, and having one of the angles at its base 75°. 

(21) Draw a rhomboid of which the longer sides are 3" long 
and the shorter 2", and the acute angles 50°- Draw an equi- 
lateral triangle equal in area to this rhomboid. 

*(22) Inscribe a regular pentagon within a circle of 3"^ 
diameter. Reduce the pentagon to a triangle, and the triangle 
to an equal octagon. 
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*(23) Draw a straight line 2if" long. On this construct a 
square. Inscribe a regular octagon in the square. 

(24) Draw a straight Une 3-54" long, and divide it in 
extreme and mean ratio. 

*(25) On a straight line 2" long describe isosceles triangles, 
having vertical angles of 100°, 120° and 150°. 

*(26) Make a square equal in area to the sum of the three 
triapgles in the last question. 

*(27) Describe a regular pentagon whose side is li" long. 
Inscribe a square within the pentagon. 

*(28) Describe a circle of 1'75" radius, and divide the circle 
into five equal areas by concentric annuh. 

*(29) Draw straight lines whose lengths are J'^', J'^^ 
J'§^—7=L, respectively. 

(30) Draw two circles having their centres 3" apart, and 
their radii 1|" and 1" respectively. Draw the four common 
tangents to these circles. 

*(31) Divide a straight line 3" long into two parts whose 
ratio is 2 : 3J. On each side of each part describe an equi- 
lateral triangle. In each of the two rhombi obtained inscribe 
a circle. 

(32) Describe a square, each side of which is 1'3". Describe 
an equilateral triangle about it. 

*(33) Draw a straight line 2" long, and on it describe a 
segment of a circle containing an angle of 100°. 

*(34) On a straight Hne 1'26" long describe a segment of a 
circle containing an angle of 70°. Inscribe a square in this 
segment. 

*(35) Draw a cinquefoil of adjacent semicircles of ^" radius. 

*(36) Show how a tangent can be drawn from an external 
point to a given circle without using the centre of the circle. 

*(37) On a straight line r75" long construct a regular 
heptagon and an equUateral triangle on the same side of the 
liae. Reduce the space between the outside of the triangle and 
the inside of the heptagon to a triangle of equal area. 
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*(38) The diagonal of an oblong is 3". One side of the 
•oblong makes an angle of 30° with one end of the diagonal. 
Construct the oblong and draw an equilateral triangle equal in 
•area. 

(39) Describe a circle Cif 1;^" radius. Divide this circle into 
five equal sectors. 

*(40) Within a circle of 3" diameter inscribe an irregular 
polygon, having angles at the centre equal to 45°, 60°, 120°, 30°, 
■and 105° respectively. 

*(4rl) About a circle of 2^" diameter construct a regular 
heptagon. 

(42) Draw a circle of 2" radius, and in it place four equal 
■circles touching it and each other. 

*(43) In a circle of 5" diameter place a regular octagon. 
Divide this into isosceles triangles, and in each of these place 
a square having one angle in the centre of each side of the 
■octagon. 

*(44) Determine by construction the side of a square of 8" 
-avea. Inscribe a' regular octagon in the square. 

*(45) Draw two lines including an angle of 75°. Divide 
this angle by construction into four equal parts. In each of 
the four angles inscribe a circle of *9" diameter. 

*(46) Construct a triangle which shall have f the area 
■contained by a square of 2|" side. 

(47) About a circle of f " radius construct a triangle having 
its angles 45°, 60°, and 75°. 

*(48) Construct an equilateral triangle of 4 square inches 
•aiea. 

*(49) Draw the circles inscribed in and circumscribing a 
triangle of 3", 2^", and 2" sides. 

*(50) Construct a triangle having a perimeter of 3^", and 
two of its angles 45° and 60°. 

*(51) Construct a triangle having its sides as 2, 3, 4, but 
inscribed in a circle of 1"5" radius. 

*(52) Construct a triangle, its sides being in the ratio of 2*5, 
■3, 3"75, and their sum equal 5" 
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(53) Construct a regular pentagon having a line 3" long as 
one diagonal. 

*(54) Construct a regular heptagon of 1|" side, and in it 
place seven semicircles, their diameters adjacent and each arc 
touching one side of the circumscribing figure. 

*(55) Construct a triangle with a base of 2" and an oppo- 
site angle of 76° ; and on a base 2J" another triangle of twice 
the area. 

(56) "Within a rectangle of 4" and 2|" sides inscribe an 
ellipse which shall touch the centre of each side of the rect- 
angle. 

*(57) Two diameters of an elUpse make 60° with each other 
and are equal in length. Draw the curve of the ellipse of 
which these are conjugate diameters. 

*(58) Plot an angle of 83° from the protractor. Divide the 
angle into four equal parts, and in each part inscribe a circle 
of 1" diameter. 

*(59) Divide a line 3-18" long in the ratio of 5-5 to 9-7. 

*(60) Draw an irregular five-sided figure, ABCDE. AB is 
4-5" long, BC is 2-6" long. A line from B to D is 4-7", and 
one from C to E is 2-75" long. Angle BAE is 46°, AED is 
133°, and ABC 85°. Draw a similar figure having half the 
area of the first. 

*(61) A point starting from the intersection of two Unes at 
right angles moves so that the ratio of its distances from the 
two lines is always as 3:4. Trace the line made from its 
starting-point for about 3". 

(62) Draw two lines cutting each other at an angle of 55°> 
and describe all the circles of 2" diameter which will touch 
both. 

*(63) ABCDEF is a regular hexagon. G is the middle 
point of CD, and AG equals 2"25". Draw the hexagon. 

*(64) The sides of a triangle are 2", 2^", and 2|" respectively. 
Trisect the triangle by straight lines drawn from the middle 
point of the longest side. 
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(65) Inscribe a trefoil of adjacent semicircles in a circle of 
1|" radius. Also a cuspidate trefoil in the same circle. 

*(66) Describe an isosceles triangle having each of the equal 
sides 2" long and the vertical angle half either of the base 
angles. What is the magnitude of the vertical angle 1 

*(67) A triangle on a base of 2" has an area of 3 square 
inches. What is the altitude ? 

(68) ABC is any triangle. On the side BC construct an 
equal isosceles triangle. 

(69) Describe an equilateral triangle about a given circle. 

*(70) Describe a circle of 2" radius. Suppose this to be the 
face of a watch, and show accurately the position of the two 
hands at 25 minutes past 8. 

(71) Two circles of radiL 2" and 1" have their centres 
4" apart. Describe a circle of 1'5" radius which shall touch 
both. 

*(72) ABCD is a trapezium. The angle at A = 120° ; AB is 
2", AD is 1", BC is 2", DC is f ". Bisect this trapezium by a 
straight line drawn from A. Make a square equal to half the 
trapezium. 

*(73) ABC is a right-angled triangle, having the right angle 
at A. Construct a square which shall be equal in area to the 
sum of the squares described on BC, CA and AB. Also draw 
a square which shall be equal in area to the difference of the 
squares described on AB and AC. 

(74) Describe by the method of intersecting ares an ellipse 
having its semi-minor axis 1"54" and its semi-major axis 2"86". 

(75) The hypotenuse of a right-angled triangle is 2'75", 
and the other two sides are to each other in the ratio of 3:5. 
Construct the triangle. 

*(76) Draw two straight Hnes 2" apart and parallel to each 
other. Take a point P between them, and distant "5" from one 
of them. Describe a circle that shall touch the two straight 
lines and pass through the point P. 

(77) Describe a circle of 1"5" radius, and in it inscribe three 
equal circles, each touching the other two and the original 
circle. 
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^(TS) Draw a straight line AB, and take a point P 1" 
above it. Draw a curve every point of which shall be equally 
distant from AB and the point P. What is the name of the 
•curve ? 

(79) Draw a straight line AA, 6" long, and take a point P 
2"25" above it ; from the point P draw all the Hnes which make 
angles of 38°, 56° and 74°, with the line AA. 

*(80) Construct four concentric, similarly situated hexagons 
0"3" apart ; the side of the largest to be 2"25". 

(81) Between two concentric arcs of circles of 2"4:" and 
3"7" radius describe four circles touching the given circles and 
each other successively. 

^, (82) ABC is a triangle, and D a point in AC. Construct an 
isosceles triangle standing on AD as base, and equal in area to 
the given triangle ABC, 

(83) Inscribe four equal circles in a regular octagon of 2" 
side. 

*(84) Draw a third proportional to two straight lines whose 
lengths are IJ" and If. What is its length? 

*(85) Describe three circles of radii 1", 2", and 2J", touching 
each other. 

*(86) Draw a straight line 4:"37" long. Divide it into five 
equal parts, and through the points of division draw parallels 
'65" apart. 

(87) ABC is a triangle, and D is a point in AB such that 
AD is f- AB. Draw a straight line through D which shall 
bisect the triangle. 

(88) With a radius of 2"5" describe a quadrant of a circle, 
and in it inscribe a circle. What is the radius of the. circle 1 

*(89) Construct a triangle having its sides 3'25", 2", and 
2"5". Divide it into four equal areas by straight lines drawn 
parallel to the shortest side. 

(90) Make a square the area of which is -| of the area of 
another square whose diagonal is 2", What is the length of 
the side of the latter square ? 
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*(91) Describe a regular octagon having each side 1" long. 
Describe another octagon, one-third of the area of the former- 
one. 

*(92) ABC is a triangle such that AB is 2" long, BC 2^", 
and CA 2f ". P is a point within the triangle, and AP is |". 
Draw straight Hnes from P which shall trisect the triangle. 

(93) ABC is an isosceles triangle, having AB equal to AC, 
and BC is 2" long. Describe a. rectangle onBC, the area of 
which is equal to that of the triangle. 

*(94) Construct a square having its sides equal to ^^3", and 
in it inscribe four circles, each touching two other circles and 
one side of the square. 

*(95) ABC is a triangle. Find a point P in BC, such that 
the perpendiculars from it on AB, AC are equal. How would 
you solve this problem if the directions BA and CA are given, 
but the point A is inaccessible 1 

*(96) Describe an ellipse with a paper trammel, having its 
major axis a line ^5" long, and for its minor axis a Hue JS" 
long. 

(97) Describe a hexagon having each side 1" long. Eemove 
one of the six equilateral triangles composing it ; reduce the 
remaining figure to an equal square. 

*(98) From a point A draw two straight hnes containing an 
angle of 30°, and across them draw another straight line PQ, 
2" long, such that AP : AQ : : 2 : 3. 

(99) Describe a circle of 1" radius. Within the circle inscribe 
a triangle whose sides are in the proportion of 6 : 19 : 21. 

(100) Divide a straight hne 6" long in the proportion of 
2:3:4:5. Make a quadrilateral whose sides are equal to 
these parts respectively, and reduce the quadilateral to a 
triangle of equal area. 

*(101) Two angles of a triangle are 30° and 40° respectively. 
Construct a similar triangle having a perimeter of 4". 

*(102) Make a triangle equal in area to that constructed by 
the last question, but having its angles 30°, 60°, and 90°. 
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*(103) The base of a triangle is 1", its altitude 1|", and its 
vertical angle 30°. Construct it. 

*(104) The base of a triangle is 1", one of its sides is IJ", 
and its vertical angle is 30°. Construct it. 

(105) Inscribe three circles in an equilateral triangle, each 
circle touching the two other circles and one side of i^the 
triangle. 

(106) Inscribe three circles in any given triangle, each circle- 
touching the two others and two sides of the triangle. 

(107) Take a straight line 3"56" long, and divide it in 
extreme and mean ratio. What are the lengths of the two- 
segments ? 

(108) About a circle of 2J" diameter construct a triangl& 
having angles of 30°, 45°, and 105°. 

*(109) Construct a square on a vertical line 3" long as a 
diagonal. "Within the square insert a quatref oil of equal semi- 
circles with adjacent diameters, the arcs touching two sides of 
the square. 

*(110) Within a square of 2" side inscribe the largest 
possible equilateral triangle. 

*(111) From any point in the circumference of a circle of 
1 J" radius draw a chord which will cut off a segment containing 
an angle of 30°. 

(112) On a given line 2" long construct an equilateral 
triangle ; also on the same Kne a scalene triangle of the same 
area, and having an angle of 20°. 

*(113) Within an equilateral triangle inscribe a trefoil of 
tangential arcs of circles. 

*(114) Draw a circle of 1" diameter. About this circle 
draw six equal circles touching one another and the given 
circle. 

(115) Inscribe an equilateral triangle within a pentagon of 
IJ" sides. 

*(116) Within a circle of 3" diameter inscribe two circles of 
1" and IJ" diameter. The three circles to be tangential to 
each other. 
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*(117) Given a circle and a point outside. Draw a circle to 
pass through the given point and to enclose the given circle 
tangentially. 

(118) Draw a triangle having one of its angles 52°, and the 
two sides containing it 1'8" and 2"6". Knd the centres of the 
inscribed and circumscribing circles. 

*(119) Draw a rectangle 2'2" long and "9" wide. Divide it 
by lines parallel to the shorter sides into five rectangles, in 
such a way that the second rectangle shall be twice the area 
of the first, and each of the others as large again as the one it 
succeeds. 

(120) Within a circle of 3" diameter place five equal circles 
equal to and touching each other and the periphery of the 
larger circle. 

*(121) Construct a right-lined polygon of seven sides from 
the following conditions: AB = l-5", EC = 1-8", CD = 2-1", 
DE = 2-4", EF = 2-28". FG to be made equal GA. Angle 
GAB = 120°, ABC =130°, BCD =140°, CDE=130°, DEF 
= 120°. Eeduce this figure to a triangle of equal area having 
its vertex in E and its base in GA produced. 

*(122) Construct an irregular polygon from the given 
dimensions, and reduce it to a square of equal area. AB 2J", 
EC 2", AD 3-1", AE and DE each 2^". Angle BAG 27°, 
DAC 25°. 

(123) About a circle of 1" diameter place four Others equal 
to each other, and each touching two others and the given 
circle. 

*(124) Draw three equilateral triangles having their sides 
respectively in the ratios of 2, 3, and 5, the least being 1" in 
length. 

*(125) Construct a parallelogram the adjacent sides of 
which measure 2'5" and 1"65", and the included angle 115°. 
Construct a square equal in area to the parallelogram. 

*(126) Plot an angle of 57° and bisect this angle ; again 
bisect the angles so obtained. 

(127) A parallelogram has one side 2* 98" long, and its 
diagonals are 2"23" and 4"5" long. Construct it. 
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*(128) Upon a straight line 3*5" long, and upon the same 
side of it describe two segments of circles containing respect- 
ively 145° and 65°. Draw an angle in each segment. 

(129) Construct the segment and sector of a circle, each 
having the same chord, 3"4", and the same radius, 2'3". 
Measure and write down the magnitude of the angle in the 
segment. 

*(130) Determine by construction a third proportional to 
two given lines, 2^" and 2|" long. Find a fourth proportional 
to the three Hnes. 

*(131) A line AB is 2'7" long. At A a line AC, 1" long, 
makes an angle of 110° with AB. At B a line BD, 2" long, 
makes an angle of 130° with AB. Prom C, with a radius of 
2y, and from D, with a radius of 2f", describe arcs meeting in 
E. Eeduce this figure to a triangle of equal area and having 
one of its angles 90°. 

(132) Draw a regular hexagon having a perimeter of 9", and 
within it draw a second having its sides equidistant from and 
parallel to the first, but forming a figure of only half the area 
of the outer hexagon. 

*(133) Construct an isosceles triangle of which the base 
measures 2"35" and the angle subtended by the base 41°. 
Measure and write down the length of the sides, and divide 
one of them into nine equal parts. 

*(134) Draw a circle of 5" diameter. In it place the 
largest possible octagon; in the octagon the largest possible 
square ; in the square the largest possible circle ; and in the 
circle the largest possible equilateral triangle. 

(135) Draw a series of circles, diameters 1", r25", r5", and 
1"75", touching each other successively, and all touching a 
straight line. 

(136) Show how to find the centre, foci, and diameters of a 
given ellipse, and draw a tangent at any point in the curve. 

*(137) Construct a square containing an area of 4'84 square 
inches, and to a line 2"6" long apply a parallelogram of equal 
area with the square and having one of its angles 65°. 

I 
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*(138) The base AB of a right-angled triangle is 3' 6" long, 
and the perpendicular drawn from the right angle at A to the 
hypotenuse is 2". Construct the triangle. 

*(139) Two points, A and B, are 2" apart. From each of 
them draw lines 2^" long, intersecting each other at right 
angles. 

*(14:0) Upon a straight line 3" long construct a square. 
Bisect the liae, and upon one of the halves construct a second 
square inside the first one. Eeduce the space by which the 
first square exceeds the second to a triangle of equal area. 

*(141) Draw two parallel lines l^" apart and 2" long. 
Between these insert nine other lines parallel to them and 
dividing the space between them into equal parts. Ink in the 
lines with thick, thin, and dotted lines alternately. 

*(142) Draw a triangle of which two sides measure 3*2" and 
2"6", and the eftclosed angle 108°. Draw an equilateral 
triangle of equal area. 

*(143) Draw a polygon ABODE, of which the side AB is 
If" long, BC 2-3", AE 1-85", DE IJ". The angle ABC is 
111°, BAE 113°, AED 122J°. Measure and write down the 
length of the remaining side and angles, and reduce the polygon 
to a triangle of equal area, and having its base in AB pro- 
duced. 

*(14:4) Two circles, A and B, each having a diameter of 1", 
have their centres 1"66" apart. Draw a straight line between 
these circles that shall be tangential to both. 

(145) Construct a square and equilateral triangle, each 
having an area of 3"8 square inches. 

*(146) Draw two circles with radii of r25" and 1'75" re- 
spectively, to touch each other externally, and an arc with a 
radius of 3 '5" touching externally the two circles. 

*(147) Construct an equilateral triangle, having an area of 
3f square inches, and place in it a square having one of its 
sides resting on one side of the triangle. 

(148) Find a point C, 1" from B, and 2-5" from A, the ex- 
tremities of a straight line 2'45" long. Point C is the centre 
of a circle of "75" radius. Draw a second circle of 1" radius 
tangential to the circle and straight line. 
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(149) Draw any two straight lines at any angle with each 
■other, but not meeting. Draw a circle that shall touch them 
both. 

*(150) Draw an ellipse haviag axes of 5" and 3" respectively. 
Assuming its centre to be imknown to you, show by what 
geometrical method you would ascertain it, 

*(151) Draw three circles, each touching two others, their 
radii being 1"39", •45", and "SS". By means of tangents place 
them in a scalene triangle, and give the length of its three 



*(152) Draw an equilateral triangle equal in area to the 
sum of two equilateral triangles, one having a perimeter of 
3-31", and the other of 10-17". 

(153) On a base 2" long describe an isosceles triangle of 4" 
side, and divide it into four triangles equal to each other and 
similar to the original triangle. 

*(154) Construct a square of 2'87" side, and in it inscribe 
an isosceles triangle, having its base equal to r56", and its 
apex in one angle of the square. In this triangle, and in each 
of the three triangles that are external to it, place a circle. 

(155) About a pentagon of 1" side construct a pentagon of 
1'9" side, its sides being parallel to and equidistant from those 
of the first. 

*(156) Pind a point P in a line AB (3" long) produced, so 
that AP : AB : : 7 : 4. 

*(157) Draw a square of 2'5" side, and divide the square 
into three equal parts by hues drawn from one corner. 

*(158) Construct a regular pentagon whose diagonal shall 
be 3". The diagonal is from A to C in the figure ABCDE. 

*(159) Divide a square of 3" side into three equal areas by 
lines drawn parallel to a diagonal. 

(160) Draw an isosceles triangle of 3'5" area, the vertical 
angle being 35°. 

*(161) The semi-conjugate diameters of an elUpse are 2'5" 
and 1'3" in length, and contain an angle of 60°. Draw the 
curve and determine the axes. 
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*(162) Draw a triangle two of whose sides are 2"5" and 
3'25", the angle opposite the shorter one being 40°. Draw also- 
the circumscribing circle. 

(163) In a square of 3" side inscribe an octagon, so that the 
alternate sides of the octagon shall coincide with the sides of 
the square. 

(164) The side of a pentagon is 1"5". Draw an equilateral 
triangle of the same area as the pentagon. 

*(165) A parallelogram whose sides are 4" and 1'2", and 
included angle 50°, is given. Determine a rhombus of equal 
area, and haying the same included angle. 

*(166) Three points, P, Q, K, are thus situated : PQ is 2",. 
QR 2"5", PR 3'75". Determine points in the circle which 
would pass through them, the centre being supposed inaccessible. 

*(167) Draw a triangle having its base 2", the angle opposite- 
the base 42°, and its altitude 1'75". 

(168) Two circles are given, radius 1" and "5" respectively,, 
their centres being 2"5" apart. Draw a circle of 1'5" radius to- 
touch both, but to contain the smaller one. 

*(169) To a circle of 1"25" radius draw two tangents which 
shall contain an angle of 60°. 

*(170) The perimeter of a rectangle is 9". Construct it so 
that its area shall be 4"25 square inches. 

*(171) Construct a square whose area shall be J of that 
described on a line 2 '75" long. 

*(172) Divide a line AB, 3'5" long, in a point P, so that tile- 
rectangle contained on AB and AP may be equal to the square- 
upon BP. 

*(173) Draw a triangle whose sides shall be as 2 : 3"5 : 4, 
and whose circumscribing circle has a radius of 1"5". 

*(174) Draw a pentagon whose area shall be 5*5 square 
inches. 

*(175) Divide a line 3'5" long into two segments, so that 
the area of the rectangle contained by those segments may 
be 1;^ square inches. ^ 
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*(176) A point P is 1"75" distant from the centre of a circle 
■of 2"5" diameter. Draw through P a straight line cutting the 
■circle in Q and E, so that QK shall be twice PQ. 

*(177) Draw the curve described by a poiat on the surface 
of a disc, and |-" from its edge, while the disc rolls along a 
■straight line. Diameter of disc 2 '5". 

*(178) A and C are two points, 3"25" apart. B is a third 
point, 1*25" from A, and 2"75" from C. Given that A and C are 
the foci of an ellipse, and that B is a point on the curve, draw 
the curve. 

(179) Describe a circle enclosing and touching three other 
circles of 0'6", 0"8" and 1" radius respectively, each of which 
touches the other two. 

*(180) Construct a triangle having a base of 3"5", a perimeter 
of 10", and an area of 4'5 square inches. 

*(181) From a given isosceles triangle, cut off a trapezoid 
which shall have the same base as the triangle, and its remain- 
ing three sides equal to each other. 

*(182) Construct a triangle whose perimeter is 7" and whose 
sides are as 2 : 4 : 5. 

(183) Given the base, altitude, and vertical angle, to con- 
struct the triangle. 

*(184) A Hne AB is 3", and AC is 2". Find a point D in it 
such that AB x CD = AD x BC. Also find a point D in AB 
produced, such that AB + CD = AC -i- BD. 

*(185) Construct an irregular five-sided figure ABODE 
imder the following conditions : — 



Sides. 


Diagonals. 


Angle. 


AB = 2-2" 


AC = 2-6" 


BCD = 75' 


BC=r6" 


BE = 2-4" 




CD = 2-2" 






DE=l-5" 







*(186) Describe a series of circles in succession, tangential 
to two given converging lines, — the diameter of the smallest 
•circle being 1". 
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*(187) Determine by construction ^3 of a line 1" in length, 
■with the compasses only. 

*(188) Divide the area of a circle of 3" diameter into four 
parts equal in area and periphery by means of semicircles. 

(189) The sides of a triangle are as 2-5:3: i, and the radius 
of the inscribed circle is "75". Construct it. 

*(190) A point P is 1" from the circumference of a circle 
of 1" radius. Draw a line PE cutting the circle in QE, so that 
QK may be 1-25" long. 

*(191) A line 3" long moves with its extremities in two lines 
at right angles. Determine the curve traced out by a point in 
the line at 1" from its end. 

*(192) A circle of 1" radius rolls along a straight line ; draw 
half the curve traced by a point in the circumference of the 
circle. 

(193) Describe a circle of 1" radius. Inscribe five circles iit 
it, and describe ten circles about it. 

*(194) Plot an angle of 73° with the protractor. Divide 
it into four equal parts, and in each part inscribe a circle of one 
inch diameter. 

*(195) ABC is a triangle having the angle at A 60°. AB is 
2", and AC 3" long. P is a point within the triangle, and AP is 
1". Trisect the triangle by straight lines drawn from P. 

(196) About a given triangle ABC describe another, whose 
sides shall be parallel and equidistant from those of the former,, 
one side DE being given. 

*(197) On a Hne AB, 1"7" long, as base, construct a regular 
octagon. On Une AB as base, draw within the octagon an 
equilateral triangle. Draw lines from all the angles of the- 
octagon to the apex, and in each of the eight resulting triangles 
place a circle. 

*(198) On a chord 2' 6" long describe the segment of a circle 
to contain an angle of 128°. Measure and write down the 
length of the radius of the circle, and the size of the angle of 
the sector having the same chord as the segment. 
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*(199) Draw a circle of 2" diameter; show a geometrical 
means of finding the centre ; and from B, a point 3" from the 
centre, draw a tangent. Letter the point of contact C, and 
divide BC into three equal parts in D and E. On DE, one of 
these parts, construct a regular pentagon. 

*(200) Draw a regular heptagon of li" side, and within it 
place seven equal circles, each touching two others and two 
sides of the polygon. 

*(201) Two points are 2" and 2"5" from the centre of a circle 
of 1" radius, and 3" from each other. Draw the circle which, 
passing through these two points, shall touch the given circle. 

(202) Draw two tangents to a circle of 1" radius to meet at 
an angle of 60°. 

*(203) Construct an irregular seven - sided polygon 
ABCDEFG under the following conditions : — 

Sides. Diagonals. Angles. 

AB=l-25" BP (in BE) = 2-3" BPD = 113° ) t,-pt,_ .-o 

AE = 3-72" PD =2-15"BPG = 67° /-^^^^-o^ 

BE = 3-5" PG = 2" 

BC = 2" PF =1-58" 

DC = 2" 

*(204) A hue AB is 4", and AC is 24". Find a point D in it, 
(a) Such that AB x CD = AD x BC. 

(&) Find a point D in AB produced, such that AB'CD 
= AC-BD. 

*(205) Construct a triangle under the following conditions : — 

One side AB = 2-25". The perimeter 8", and 
AB : AC : : BC : AC. 

*(206) A straight line is 2" from the centre of a circle of 
1" radius. Draw the curve, every point of which is equidistant 
from the line and from the circumference. The arc to be 
continued till it meets the diameter parallel to the line. 

*(207) A point F is 2" from a line. Draw half the curve, 
the distance of every point of which from the given point is to 
its distance from the line as 2 : 3. 
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*(208) Show the construction for determining the arc of a 
circle passing through three given points, when they are so 
nearly in a straight hne that the one usually adopted would 
fail. For instance, take the three points A, B, C, and make 
AB = 2|", BC = If", AC = 4". 

*(209) Draw the hypooycloid produced when the directing 
circle is of 1"75" radius, and the generating circle is of '58" 
radius. 

*(210) Draw an ellipse whose axes are 3-5" and 2"5", and 
from any point outside it (not in the prolongation of either axis) 
draw tangents to it. 

*(211) A line 1^" long represents a square of 2" side. 
Determine the length of a line which would represent on the 
same scale a hexagon of If" side. 

(212) Construct a triangle having given the base 2^", one 
of the angles at the base 55°, the sum of the remaining two 
sides 5^". 

*(?13) If a line J" long represents the area of an equilateral 
triangle of 2" side, obtain a length by construction which will 
represent the area of an octagon of l\" side. 

(214) Draw any irregular four-sided iigure, no side less than 
l^". Construct a similar figure whose sides are 1^ times those 
of the first figure. 

*(215) The sum of the diagonal and one side of a square is 
6". Construct the square. 

*(216) Construct a hexagon equal to an octagon of 1" side. 

(217) Describe a circle enclosing and touching three other 
circles of 0-63", 0'82", and I'l" radius respectively, each of 
which touches the other two. 

(218) Show the method of finding the major and mitior axes 
of an elhpse, and draw a tangent to it at a point P in the curve. 

*(219) Construct a triangle having a base of 4'25", a peri- 
meter of 12", and an area of 5*5 square inches. 

*(220) The Hne joining one corner of a square with the 
centre of the opposite side is 3" long. Draw the square. 
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*(221) Two lines A and B converge to a point without the 
paper. Take any point P and draw a third line through P 
•converging to the same point. 

*(222) Draw a four-sided figure ABCD : 

AB=l-2" CD = 2-2" BD = 2-4" 

BC = r5" AD = 2-5" 

Draw a rhombus equal in area to the quadrilateral ABCD. 

(223) Divide a square of 3" side into four equal areas by 
lines drawn parallel to a diagonal. 

(224) Draw a circle of 1" radius, and take a point P 1'5" 
irom the centre. From P draw a hne to cut the circle in Q 
and E, so that PQ shall be J of the whole Une PE. 

*(225) Construct a triangle having its vertical angle 50°, 
its base 2", and the Hne bisecting the vertical angle dividing 
the base in the ratio of 2 : 3. 

*(226) Draw the curve traced by a given point C in a given 
straight line AB, which moves with its extremities in two 
straight lines, DE and DF, placed at right angles. 

(227) Draw a line through a given point A situated between 
"two given converging lines BC and DE, making equal angles 
with the two given lines. Also 

(a) Draw straight lines from any two given points, A and 
B, outside a given straight line, CD, meeting CD so as to make 
■equal angles with the given line ; (6) to meet CD, so that they 
may be equal in length ; and (c) to find a point. A, in the base 
of any given triangle, BCD, from which the two lines drawn 
parallel to the sides to meet them are equal. 

(228) (a) Inscribe a regular octagon within a given square, 
having its alternate sides coinciding with the sides of the square ; 
and (6) its alternate angles touching the sides of the given 
square. 

*(229) Inscribe within a given square of 2J" side another 
square having its angles in the sides of the first but f its 
area. 

(230) Draw a semi-elliptical arch within a rectangle whose 
sides are AB, 3", and CD, 2J", AB being a conjugate axis. 
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(231) Within a square of 2^" side inscribe a rectangle, the- 
length of two sides being each 2" in length. The corners of 
the rectangle to be in the sides of the square. 

*(232) The angle between two sides of a rhombus is 60°, the 
length of the sides 3". Draw an elhpse that shall touch the 
four sides of the rhombus. 

*(233) About a rectangle 3" by IJ" draw an ellipse pass- 
ing through the corners of the parallelogram. 

*(234:) Divide a circle into three equal areas by concentrie 
annuli. 

*(235) Divide a circle into three parts equal in area and 
periphery by means of semicircles. 

*(236) Draw a triangle having sides of 200 feet, 250 feet 
and 300 feet, scale 1"=100 feet. Divide this triangle intO' 
three equal areas by lines drawn from the apex. 

*(237) The sides of three different squares measure 1", l^", 
and 1 J". Draw a square equal in area to the sum of the three 
squares. 

*(238) Draw a square equal in area to the difference betweea 
two given squares of 2" and 1|" side. 

*(239) Describe a quatrefoil of semicircles within a square, 
each semicircle touching two sides of the square. 

*(240) Within a circle of 3" diameter inscribe five equal 
semicircles having their diameters adjacent. 

(241) About a circle of 2J" diameter describe a regular 
heptagon. 

*(242) Draw a regular hexagon of 1" side, and within it 
place another hexagon having the same centre and each side f ". 

*(243) Draw a regular pentagon of 1" side, and about it 
place another pentagon having the same centre and each side 

H". 

(244) Within a regular heptagon inscribe the largest possible 
equilateral triangle. 

(245) The perimeter of a pentagon is 7|". Draw the 
pentagon. 
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*(246) Construct a regular decagon of Ij" side, and divide- 
the decagon into equal isosceles triangles. Within each isosceles. 
triangle inscribe a square. 

*(247) Within, an equilateral triangle inscribe three equal 
semicircles, each semicircle touching two sides of the triangle. 

(248) Divide an equilateral triangle into four equal equi- 
lateral triangles, and inscribe a circle within each triangle. 

*(249) Draw a triangle whose sides, are AB 2|", EC 2",. 
and AC IJ". Consider points A and B as the foci of an 
elhpse, and a point C in the curve given. Draw the ellipse. 

(250) Draw an equilateral triangle having its perimeter 6", 
and divide it into four equal equilateral triangles. 

(251) The sides of a triangle are 200, 250 and 300 yards- 
long. Divide the triangle into two equal areas by a line- 
drawn from one corner. Scale 100 yards = 1". 

(252) The sides of a triangle are 2 feet, 2J feet, and 3 feet, 
long. Place another triangle within it having a base 1^ feet,, 
both triangles having a common centre. Scale 1" to 1 foot. 

*(253) The perimeter of a trapezium is 8", and its sides are- 
as 2, 3, 4 and 5. Draw the trapezium. 

*(254) Within an oblong place a second oblong having the- 
same centre and its long sides f the length of the long sides of 
the given one. 

(255) Two circles of radii 1" and ^" have their centres 2'" 
apart. Describe a circle of f" radius which shall touch, 
both. 

(256) Draw three circles having diameters 1", 2" and 2J" 
touching each other. 

*(257) Draw a sector of 2" radius and having an angle of 
100°. Within, the sector inscribe a circle. 

*(258) A trapezium has two sides, each 1^" long, and the 
enclosed angle is 80°. The other two sides are each 2^" long.. 
In this trapezium inscribe a circle. 

(259) Draw a square ^ the area of a given square. 

(260) Draw a triangle J the area of a given triangle. 
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(261) Draw an oblong the area of a given oblong. 

*(262) The diameters of two circles are 3" and 2". Draw a 
■circle equal to the difference in area between the circles having 
the given diameters. 

*(263) Find lines equal to 73"and jW, the unit being 1". 

*(264:) Construct a triangle having one side 3" long, angles 
adjacent to that side being 30° and 45°, and within it inscribe 
;a square and about it describe a circle. In this circle inscribe 
a pentagon, one of its angles touching the circumference at 
the same point as one of the extremities of the longest side of 
the triangle. 

*(265) Describe a circle of 1" radius. Divide the circum- 
ference into sixteen equal parts, and draw radii from the points 
•of division, stopping them at a circle of '2" radius having the 
same centre. 

*(266) Draw a circle having a diameter of 4J". In this 
inscribe an octagon, and in the octagon a square. State the 
length of one side of each of these. 

*(267) Within a hexagon of 2^^" side draw a hexafoU of 
semicircles to which the sides of the hexagon shall be tangents. 
On the diameter of each semicircle as a diagonal construct a 
square. 

*(268) In a circle 3" diameter place a quatrefoil of semi- 
circles of which the diameters shall be adjacent, and from the 
centre of each semicircle and of the circle draw circles of 'SS" 
radius. 

*(269) Draw a third proportional AC to AB and AD, 
li" and \y long respectively. Secondly, divide a line EF, 2" 
long, into extreme and mean ratio. 

*(270) At point A in a line AB draw three Unes making 
angles of 33°, 79°, and 113° respectively with AB. In each 
■angle inscribe a circle of 1|" diameter. 

*(271) Draw two Unes, AB and AC, each 4" long and 
making an angle of 32° at A. Find a point D on either of the 
lines 2^" from A. Draw a circle tangential to the given lines 
and touching one of them in D, and from the same centre two 
other circles of '6" and •27" radius respectively. 
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*(272) Draw three equal circles in contact with each other- 
and inscribed in a circle of 1"5" radius. Circumscribe the 
outer circle by an equilateral triangle, the sides touching the 
circle in the points of contact with it of the inscribed circles^ 
Circumscribe this triangle again by a regular hexagon, its 
alternate angles coinciding with those of the triangle. In each 
of the three resulting isosceles triangles lying outside the 
equilateral triangle place a square having one of its sides resting 
on the longer side. 

*(273) Draw a rhombus having a side of 2" and an angle 
of 60° given. In this place a square having its angles resting 
on the sides of the rhombus. On each side of this square 
draw another as large as the bounding lines of the rhombus 
will permit. 

*(274) Draw a straight line AB, 4'8" long, and from it& 
extremities A and B, without producing it, erect perpendiculars 
AD and BC, each equal 3 "2". Join CD, and divide the 
parallelogram so formed into six equal squares. In each square 
inscribe a circle. 

*(275) Upon a base BC, 2" long, describe a triangle ABC, 
having the side AC 1"75", and the angle ABC 55°. Upon AB 
construct a square ABEF, and on AC a square ACGH. Join 
FH, and reduce the whole figure FEBCGH to a triangle of 
equal area. 

*(276) Draw six equal circles each touching those adjacent 
to it, and so placed that the centres will all be found on the 
bounding lines of an equilateral triangle of 2|" side. 

*(277) Construct a square having an area of 1", ^nd a 
second square in the proportion as 3 is to 1 of the first. 
Place the small square within the large one, so that its sides are 
parallel to and equidistant from it. 

*(278) On a chord 2"4" long describe the segment of a 
circle to contain an angle of 54°. With a radius of 1'15"^ 
inscribe a circle to touch the chord and the arc of the 
segment. 

*(279) In a hexagon having a perimeter of 7^" place a 
square, each of its angles resting on a side of the hexagon. 
Divide this square into four smaller ones, and in each place an 
equilateral triangle, the four apices to meet in one point. 
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*(280) Draw a straight line AB, 4" long, and from its 
■extremities erect perpendiculars AC and BD, 2'5" and 1*8" 
long respectively. Find a point in AB equidistant from C and 
D. 

*(281) Describe a circle — (1) to touch a given circle and a 
given straight line at a given point D. (2) Describe a 
■circle passing through two given, points AB, and tangential to 
a, given straight line CD. (3) Describe a circle tangential 
to two intersecting lines and passing through a given point X 
lying between them. 

*(282) Draw two concentric circles, having radii of 1" and 
2". In the space between these place seven circles at equal 
distances consecutively from each other, having a radius of -j^", 
■and their centre half-way between the two larger circles. 

*(283) With a centre C, and radius of 2", describe a sector of 
a circle having the angle at C 60°. In the sector inscribe a 
square having one of its corners in the arc AB. 

*(284) Construct an isosceles triangle having a base of 2" 
and a vertical angle of 37°. Obtain a similar triangle of half 
the area. 

*(285) Draw five concentric squares 0"15" apart, the 
smallest having a side of '9". Ink in the squares with lines 
that increase in strength from the smallest to the largest. 

*(286) Describe a circle having a radius of 2'12". By 
means of four concentric circles divide its area into five equal 
parts. From any point in the outer circle draw a tangent to 
the innermost. 

*(287) Draw a rectangle having sides 2"48" and 5*12" long. 
Trisect each angle, and produce the lines until they touch the 
bounding lines of the figure. Letter all points, and give the 
lengths of the trisecting lines. 

*(288) Construct a regular pentagon and an equilateral 
triangle, each of 4 square inches area. 

*(289) "Within a circle of IJ" radius place a trefoil of 
tangential arcs of equal circles, and from the centres of these 
draw three circles having diameters of I'l", •74", and "SS", 
increasing each smaller circle in thickness of line when inked 
in. 



EXAMPLES. 143 

*(290) Upon two bases of 2" and 2|" respectively construct 
isosceles triangles having angles at their bases of 50° and 75° 
respectively. Construct a square having an area equal to their 
united surfaces. 

*(291) Draw a circle of 1" radius and divide its circum- 
ference into 6 equal arcs. Describe an arc of a circle of 1" 
radius from each point of division, stopping these arcs at the 
circumference of the first, and each passing through the 
centre. 

*(292) Two points are each 3f" from the centre of a circle 
of 1^" radius and 2f" from each other. Describe a circle that 
shall pass through the two points and touch the given circle. 

*(293) Describe a square of 4" side, and obtain two other 
squares together equal in area to the first, and having a ratio 
of 1 to 2. 

*(294r) Determine the side of a square of 7" area. Draw the 
square, and trisect it by lines drawn from one of its angles. 

*(295) Given 1" as the unit, obtain by geometrical construc- 
tion ^fT 

*(296) Construct a square of 5" area, and in it inscribe a 
second square having its four corners in the four sides of the 
first, but its area J less. 

*(297) Draw a straight line AB, 6" long, bisect it in C, and 
erect a perpendicular CD 1". Draw the arc of a circle that 
shaU pass through the points A, B and D without using the 
oentre of the circle. 

*(298) Draw two straight lines inclined to each other at an 
angle of 35°, and describe a circle of |-" radius to touch both of 
them. Draw a second circle touching the first and the two 
straight hnes. 

*(299) Draw the curve of an eUipse by any method you 
please, providing the major axis is ^9" and the minor axis 

*(300) Given a scalene triangle, describe three circles with 
their centres at the angles, each touching the other two. 
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CONCERNING SCALES. 



It is necessary, in tTie study of military surveying, engineering, 
arcliitecture, &c., that the student should understand the con- 
struction and use of Scales. The construction of Scales 
requires judgment and ingenuity, and the application of them 
a certain amount of neatness and precision. 

A Scale is a Hne of standard length divided into a definite 
number of equal parts, and represents in convenient dimen- 
sions, without distortion, either large or small measure- 
ments. 

A drawing is said to he made to scale when its parts 
bear a certain fixed proportion to the parts of the object it 
represents. 

Let A = B be a line that actually represents 

100 yards. AB will be found to measure 1" — i.e., a length of 
100 yards is represented by a line 1" in length ; therefore the 
line is said to be drawn to a scale of 100 yards to 1". We 
must now find the proportion of the drawing to the original 
object — ^briag 100 yards to inches. The number of inches in 
100 yards = 100 x 36 = 3600 inches. It is therefore evident 
that every line to the original object is 3600 times the line 
which represents it in the drawing ; or every line in the draw- 
ing is aa'bo th part of the corresponding line of the object — i.e., 
the representative fraction of the scale is ■^^^. 

The student must clearly understand what is meant by the 
Kepresentative Fraction, to find which he must reduce the 
number of imits represented by 1" to inches. 

The representative fractions are used to express the ratio of 
any line in a drawing made to scale, to the corresponding given 
line of the original ; thus, if the fraction of a scale is ^th, it 
shows that the drawing is ^th of the real size of the object it 
represents, or 1" represents 20". 



CONCERNING SCALES. 



145 



Therefore : 
If 1 inch represents 1 foot, the fraction of the scale is ys 

4 feet, „ 



1 yard, 

1 pole, „ 

1 furlong, 

50 yards, „ 

1 mUe, ,, 

150 yards, „ , „ 

■' ' " 150x36 1080 

The representative fraction is, therefore. 

Any line in the drawing in inches. 
What that line represents in inches. 
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PLAIN SCALES. 

A Plain Scale is the simplest form of a scale of equal 
parts, set off on a straight line, as feet and inches, or iaches 
and tenths. 

A PLAIN SCALE OF FEET AND INCHES. 

tgtrffiinii I I - I I I ■ I 1 1 

fiAi«l236 3 1 Z 3 ■ » 5 e 7 B feet 

Fig. 1. 
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(1) To construct a plain scale of feet and inches 
long enough to naeasure 12 feet from, when 1" 
represents 3 feet. 

.•. 1 X '^■^ =i", length of scale. 

,, i i i ii I I r I I I I I 1 I — I 

Jnchcslxaeso 1 Z3t567 8. aw Mfett 

Fig. 2. 



(fths Scale.) 

1 1 



The fraction of the scale is - — — _ --. 

3x12 36 

Draw a hne 4" in length and divide it into twelve equal 
parts — each part represents 1 foot ; subdivide the first primary 
division to represent inches. 

Ifote. — The bottom Hne of a scale is shown thicker than 
the top line ; primary divisions are figured from left to right, 
subdivisions from right to left. 

Heavy Hnes in a scale are merely for contrast, 

(2) Draw a plain scale of feet to measure 25 feet 
from, when 3 yards is represented by 2". What 
is the fraction of the scale? 
.'. 2 X Y = ^ = 5*6 or 5*56" nearly, length of scale. 

Draw a hne 5'56" long and divide it into twenty-five equal 
parts. The method of drawing all plain scales is similar to 
Fig. 1. 

2 1 



The fraction of the scale = 



3 X 36 54" 



Note. — Since in the representative fraction is expressed the 
number of inches represented by 1", the scale may be drawn 
when this fraction is given. 

(3) A scale is required to measure 20 feet from, when 
the representative fraction is j^, 

.1x20x12 _„ , ,, . , 
. • Jo = ^ ' length of scale. 
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For drawing the scale, proceed as in former plain scales. 

(4) A scale is required to measure 20 miles from, 
the representative fraction being -^-g-itru- 
1 X 20 X 1760 X 36 



253440 



- = 5", length of scale. 



DIAGONAL SCALES. 

It -vyill be seen that the solution of some of the problems on 
scales requires a decimal notation. A specimen of a diagonal 
scale is given, from which the student can observe the method 
of measuring lines and distances with greater accuracy than 
could be done by means of a simple scale. Let AB be the unit 
of length to be divided into X parts, this being resolved into 
two factors, Y, Z. AB is divided into Y parts, the Z lines at 
any convenient equal distances being drawn parallel to AB; 
two lines perpendicular to AB are drawn, one through each 
extremity. The distance between these on the farthest parallel 
being again divided into Y parts, the points of division are 
joined by oblique lines, as shown in the figure, and thus each of 
the Y divisions of AB is in fact subdivided into Z equal parts, 
or the whole hne into X parts. (Let AB represent 100 in this 
case.) 

•. Y X Z = X parts— i.e., 10x10= 100. 



A DIAGONAL SCALE. 
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200 



300 



The distance between the dots on the 9th parallel shows 159. 

„ 5th „ „ 255 



148 



GEOMETEICAL DKAWING. 



A diagonal scale must be carefully made, or it is useless. 

On ordinary boxwood scales a decimal scale is generally 
given on one side, of inches or of half inches. By the appUca- 
tion of distances measured from the scale, fig.- 3, tenths or 
hundredths of an inch may be measured. Considerable practice 
is required to get familiar with a diagonal scale. 



(5) Draw a diagonal scale of 5 feet to 1", to show 
inches. Assume 25 feet. 



1x25 



= 5", length of scale. 
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Fig.' 4. 

(iths Scale.) 



Note. — Diagonal scales are used for measuring off more 
minute distances than can be done by an ordinary scale. 

Metlwd of dramng the diagonal scale. — Draw a Hne 5" long 
and divide it into five equal parts, and the first primary division 
into five equal parts. Each subdivision will represent 1 foot. 
Draw twelve parallel lines the same distance apart as shown ; 
also draw perpendiculars through the points of division. Across 
the subdivision on the extreme left draw a diagonal — this 
increases from left to right 1" — on each parallel line. 

Eetween the dots on the 5th parallel we measure 14ft. 5in. 

9th „ „ 19ft. 9in. 

It is obvious that any measurement from 1" to 25 feet may 
be taken from the scale. 
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All diagonal and decimal scales are drawn on the same 
principle. 

Note carefully the manner the diagonal scale is figured, and 
below the required parallel lines draw a thick line, and write 
feet and inches, or whatever the scale represents, on the extreme 
left and right of scale. 

<6) It is required to construct a diagonal scale of 
8 miles to an inch, to show furlongs. Assume 
45 miles. 

.1x45 



Eepresentative fraction. 



= 5-62", length of scale. 
1 1 



8 X 1760 X 36 506880' 



Draw a line 5 •62" long and divide it into nine equal parts, 
and the first primary division into five equ.al parts. Each part 
will represent one mile. Draw eight parallel lines the same 
•distance apart (8 furlongs = 1 mile), and draw perpendiculars 
through the divisions, and draw a diagonal across the subdivision 
■on the extreme left. 

<7) Draw a diagonal scale of 1 furlong to 1", to 
measure yards. 

Make your scale any convenient length, say 5" ; each inch 
represents one furlong. A furlong equals 220 yards, which, 
resolved to factors, = 11 x 20. So divide the first inch on the 
scale into twenty parts ; each part wUl represent 1 1 yards. To 
measure single yards, draw eleven parallel hnes, and proceed 
as in the other diagonal scales. 

Eepresentative fraction, ^^^ = ^^. 

<8) The distance between A and B is 5 miles, and 
is represented on a plan by 1-25". Construct 
the scale and show furlongs, when 20 miles 
is the number assumed. 

Draw a line 5" long and divide it into twenty equal parts. 
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Subdivide diagonally the first division into eight equal parts,, 
to represent furlongs. 

The representative fraction of the scale is 

1 



^Xl76Ox36x^00 253440 
4 

(9) The representative fraction of a scale is ^^.. 
Draw the scale and show 250 yards. 

960 ® 



(10) Construct a diagonal scale showing inches, tenths, 
and hundredths. 



COMPAEATIVE SCALES. 

A scale constructed from a given scale to read in some other 
different measure is called a Comparative Scale. 

(11) On a map the distance between two points is 
4", and represents 5 miles. Required a com- 
parative scale of furlongs. 

5 miles : 4" : : 1 furlong : a-. 

4x1 
Or —Tfr- = ^ of an inch to represent a furlong. 



I M 1 1 1 1 1 i 



01X3*5878810 20 30 10 flirUinffi 

Fig. 5. 
(Jths Scale.) 
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Therefore draw a line 4" long and divide it, into forty equal 
parts. Each division will represent 1 furlong, and is compara- 
tive or corresponding to the given scale. 



(12) I examine a French plan of a building, and 
find a scale of decimetres, 10 to an inch. 
I desire to measure EngUsh feet. Draw a 
comparative scale showing 20 feet. (A deci- 
metre =0-327 feet.) 

1" represents -327 x 10 = 3-27 English feet. We have also 
3-27 feet : 1" : : 20 feet : a; = 6-11", length of scale. 

f. 20 2000 

^' 3^2T = 32y = ^'1^ • 

Draw a line 6-11" long and divide it into twenty equal 
parts. Each division will represent 1 foot, and will he com- 
parative to the given scale of decimetres. 



(13) A plan is drawn to a scale of 88 feet to an 
inch. Draw a comparative scale by which any 
distance from 5 yards to 150 yards may be 
measured on the plan. 

1 X 150 X 3 ,. 

oQ =0-11 m length. 

Draw a hne 5-11" in length and divide it into fifteen equal 
parts. Each part represents 10 yards. Bisect the first divi- 
sion of 10 yards, so as to ohtaia 5 yards. 



(14) On a scale 60 Russian versts measure 7-5". 
Supply a comparative scale of BngUsh miles, 
taking a verst as 1167 yards. Show 50 miles. 

50x1760x75 ^ j , j^ ^ j representing 
600x1167 ^ . i' 5 

50 English miles. 
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SCALE OF CHOEDS. 

A Scale of Chords is one by which, in lieu of a protractor, 
angles of any proposed number of degrees can be constructed, 
or angles already laid down measured. This scale is usually 
found on boxwood and ivory scales, and is indicated by the 
sign C, or CHO, at its commencement. 

(15) To construct a scale of chords. 

Construct a quadrant ABC, and divide its arc BC into nine 
equal parts of 10° each; thus, trisect the arc with the 
radius of the arc as radius. Divide each angle of 30° into 




Fig. 6. 



three equal parts by trial. Draw the chord of the arc BC, and 
from C as centre, to the points of division on the arc as radii, 
describe arcs cutting the chord BC, and number each point 
of division in tens of degrees, from to 90, thus transferring 
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the degrees in the arc to the straight line, from either of which 
the same measurements may be taken. 

Method of using the scale of chords. — Whatever angle is 
required, always take the distance from to 60 as radius, and 




Fig. 7. 

with centre C describe an arc LM. For an angle of 50°, take 
the distance from to 50 on the scale of chords, and set it off 
from L to P. Draw the Hne CP. The angle PCL is 50°. 



THE SECTOE. 

A Sector is used to divide lines into segments which shall 
have to each other a given numerical ratio. (10 Euc. III.) 
■Constructions are greatly facilitated by means of a sector. 
This is a jointed ruler, on each leg or limb of which are lines 
radiating from the centre of the hinges ; the two marked L 
(Line of Lines) are those most required. These are divided 
into equal parts commencing from that centre, each division 
teing again decimally subdivided on the instrument. 

It is obvious that by the principle of similar triangles the 
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distances indicated by the dotted lines will be in the ratio of 
3 : 6 : 10. For example, the distance 3 and 3 has the same 
ratio to 6 and 6 as the number 3 is to 6, or one-half. If the 




Fig. 8. 

dotted line AB measure 2^", the dotted line 6, 6 will measure 
I of 2J", or 1|" ; the line 3, 3 will measure f^ of AB, or 
f of an inch. 

(16) To find f of a line 3-3" long. 

Take 3 "3" in your compasses and place one point of the 
compasses in the 9th point of the Hne L, on one limb of the 
sector, and open the instrument till the other point of the 
compasses falls into the corresponding point 9 of the other 
limb ; then the transverse distance between 5 and 5 will be the 
length required. 



(17) To find I of a line 4*22" long. 

Take 4"22" in your compasses and place one point of the 
compasses in the 5 th point of the line L, on one limb of 
the sector, and open the instrument till the other point of the 
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compasses fall into the corresponding point 5 of the other limb ; 
then the transverse distance between 3 and 3 will be the length 
required. 

Again. On a map a distance of I' 6 represents a space of 
80 roiles. Complete the scale to 100. 

Take the given space 1"6 in the compasses and place it 
between 80 — 80. Open the compasses from 100 to 100, which 
gives the whole length of the scale. 

In using the sector care must be taken not to alter the angle- 
at which it is set, while ascertaining the length of a hne in a 
given ratio, and only use the divisions on the lines which pass, 
through the centre of the joint. 



MAEQUOIS SCALES. 

Marquois Scales, called so from the name of the inventor, 
consist of' two rectangular rules 1 foot long, and a right-angled 
triangle or set square ; the set square is so constructed that the- 
hypotenuse is three times the shortest side, and near the 
centre of the hypotenuse is an index d. Besides being able 
to draw lines parallel to one another, we can also draw them 
at any required distance apart; this is one property of the 




Fig. 9. 

Marquois Scales which makes them so valuable to a military 
student. The principle embodied in the construction of 
Marquois Scales, each of which consists of two parts, an outer 
or artificial scale, and an inner or natural scale. The drawing 
is made to the natural scale, and the numbers written below it 
signify the number of units, whether of yards, chains, &c., 
represented by 1". 

Take, for example, the scale of 30. It will be seen that the- 
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primary divisions are marked from left to right, and the first 
division subdivided into ten parts. Taking these subdivisions 
■as single units of measure, three primary divisions will contain 
■30, and the scale wiU be called a scale of 30 units to the inch. 

The primary divisions upon the artificial scale are marked 
from zero both ways, and numbered 10, 20, &c. These divi- 
sions are three times those on the natural scale, thus giving the 
scales the same ratio that the longest side of the triangle has to 
the shortest side. 

It is required to draw a line parallel to a given line at a 
■distance of 17 yards from it. We will use the scale 30, which 
is 30 yards to 1". 

Let the bevelled edge of the set square coincide with the 
given line, so that the zero on the artificial scale is against the 
index d of the set square; hold the rule fast with the left 
hand, and slide the set square either to the right or left, until 
the index d is at 17, and draw the line. 

It must be understood that the subdivisions in the first 
primary division on the natural scale may represent any number 
of units. It is obvious the scales may be varied to any extent. 

The proof of the construction depends on 2 Euc. VI. 

Again, lines horizontal, vertical, and diagonal may be drawn 
by the Marquois Scales. By moving the index we can rule 
lines which are not only parallel, but equidistant also, or the 
•distance may be specified. If the parallels are required to 
be Yi'th of an inch apart, use the 60 scale, and move the index 
over five graduations at a time. If the parallels are required 
to be ^th of an inch apart, use the 100 scale, and move the 
index over five graduations at a time. 



VEENIEES. 

Verniers are small movable scales attached to the index of 
■astronomical and surveying instruments, barometers, &c., and 
so constructed that when the index moves, the divisions of the 
vernier successively coincide with the graduations of the fixed 
scale of the instrument. 

For instance, if it were required to read to -j^j- of a milli- 
metre a barometer whose scale was divided into millimetres, 
the vernier attached to the index would have 10 divisions equal 
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to 9 divisions of the scale. Hence it follows that if (say) the 
4th mark ahove the index point coincides with a division of 
the scale, the index will be ^ of a millimetre above the scale 
division next below it. In some cases it is more convenient to- 
make 10 divisions of the vernier equal to 11 of the scale.. 
With a scale divided to J of an inch, by dividing a vernier of 
6 or 6J" into 25 equal parts the' position of the index may be 
determined to ^dtt o^ ^^ inch. Again, with a circular scale of 
half degrees, by dividing a vernier of 29 or 31 half degrees 
into 30 equal parts the index reads to minutes on the arc. 
They are seldom used in drawing, but they may in some cases 
be used instead of diagonal scales. 

A Vernier Scale is constructed to measure distances according 
as the primary divisions represent hundreds, tens, or units ; 
therefore, between the same points on the scale we may 
measure 116, 11"6, or 1"16. 

The method of drawing the scale is to set off on a line of any 
convenient length a number of inches, which is called the 
natural scale, AB. The Vernier Scale is XY, drawn under the 
natural scale. 
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Take a Hne AB, of any convenient number of inches in 
length, and divide each inch into ten equal parts. At the 
primary divisions mark 0, 10, 20, 30, 40, &c., and the sub- 
divisions 2, 4, 6, 8, &c. Take eleven subdivisions from 
AB, the natural scale, and set off from X to Y and divide 
into ten equal parts. The scale XY is the Vernier Scale. 
It is obvious that these subdivisions on the Vernier Scale 
exceed those on the natural scale --ny of a subdivision, or -j-J-^ of 
a primary division. Taking each subdivision on the natural 
scale as 10 units, then from X to the division 6 will be 
66 units, equals 60 + 6— that is, 60 units + 3^ of ten units. 
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The distance between the dots represents 116, 11 "6, or 
1"16, according as the primary divisions represent hundreds, 
tens, or units. Let it he required to measure off 116. 
Place the leg of the compasses on the division 6 of the 
Vernier Scale, and the other leg on the division 5 on the 
right of the division 10. From X to 6 on the Vernier 
Scale is 6x11 = 66; and from X to the division 5 = 50, 
which, added to 66, gives 116. 
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EXAMPLES. 



Questions marked (*) have been set at examinations. 

(1) Construct a scale to show 20 feet, when 1" represents 
4 feet. 

(2) Construct a scale to show 70 yards, when 1" represents 
■9 yards. 

*(3) The distance between two places is 4 miles, and is 
represented in a plan by 1"5". Construct the scale and show 
furlongs, when 20 miles is the number assumed. 

*(4) Construct a scale of 10 miles to 1", to measure distances 
of 1000 yards. 

*(5) Draw a scale of 1 mile to 1", to show furlongs. 

(6) Construct a scale of I foot to 1", to measure inches. 
Show 7 feet. 

*(7) Draw a scale of 1 league to 1", to measure miles. 
Show 8 leagues, and give the representative fraction. 

*(8) The distance between L and C is 30 mUes, and measures 
on a map 18"3". Draw a scale to the map showing miles 
and furlongs. State the representative fraction. 

*(9) The liaes of a drawing are -/^ of the real lines which 
they represent. Provide a scale of feet for the drawing, 
showing at the least 50 feet. 

*(10) On a map a furlong is represented by 1*25". Draw 
a scale of poles for this map, and show a line on your paper 
227 poles long. (5^ yards = 1 pole.) 

*(11) Make a plain scale to a drawing when 40 feet are 
represented by 1". It must be so marked off as to be 
practically useful, and show 10 feet as the smallest division. 
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(12) Construct a scale of -^^ to show feet and inches hy 
diagonal divisions. 

*(13) Draw a plain scale of 12'5 yards to 1". It must be 
long enough to measure 70 yards. 

(14) Draw a scale of 12 yards to 1", showing feet by the 
method of diagonals. 

*(15) Draw a decimal scale of f" to 1 foot, and show a line 
equal in length to 5 "82 feet. 

*(16) A map is constructed so that 1" represents 45*5 yards. 
Draw a scale for it from which paces can be measured, the 
pace being 32". Assume 250 paces. 

*(17) The measurement on a map between A and B is 
5", representing 8"25 miles. Draw a scale for the map, and 
show a Kne on the scale equal to 10 miles 5 furlongs. 

*(18) Construct a scale to read feet and laches, 8 J feet 
beiag equivalent to 5'27". Give the representative fraction. 

*(19) Draw a plain, scale of yards of ■^rw'j' ^^^ yards being 
the greatest and 10 yards the least dimension shown. 

(20) Draw a diagonal scale of mfetres, comparative to No. 
19, and show single mfetres. (A mfetre= 1'0936 yards.) 

*(21) An Englishman wishing to examine a Spanish plan, 
finds only a scale of Spanish pahns, 20 to an inch. Supply him 
with a corresponding scale of English feet, taking the palm as 
•684 Enghsh foot. Show 60 feet. 

*(22) On a scale 60 Eussian versts measure 7"5". Supply a 
comparative scale of English miles, taking a verst as 1167 
yards. Show 50 miles. 

*(23) D^aw a scale of y^ to measure Belgian feet. (One 
Belgian foot = -90466 English foot.) 

*(24) Draw scales of ^ ^ g^^^ ^ ^ to show English mUes and 
Eussian versts. (A verst = 1166'68 yards.) 

(25)- Draw a diagonal scale of j^-g, showing poles, yards 
and feet. Assume 5 poles. 

*(26) On a certain drawing 1250 yards of real magnitude 
are represented by 15'5". Eurnish a scale for the drawing, 
and also a comparative scale of French mfetres. (One mfetre = 
1-0936 yards.) Show 500 yards. 
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(27) Draw a scale of miles ^^nrbinrj showing furlongs by 
the diagonal method, 

*(28) A map is constructed so that 1" represents 60 yards. 
Draw a scale for it from which paces can be measured, the 
pace being 32". 

*(29) Draw a scale of miles g^aeO) showing furlongs by the 
■diagonal method. 

*(30) Draw a scale of miles, furlongs, and yards, whose 
representative fraction is -g^^-g^, showing 20 yards as the 
smallest reading. 

*(31) Draw a plain scale of 665 paces to the inch, 100 
paces being the least, and 5000 paces the largest dimensions 
shown. Give the calculation and mark the representative 
fraction, assuming a pace to measure 32". 

*(32) A distance of 37;^ miles is represented on a map by 
4"15". Draw a scale for the map by which single miles may 
be measured, showing 50 miles. Convert the scale so drawn 
into a diagonal scale to read furlongs. Give the representative 
fraction. 

(33) Construct a scale of 15 miles to 1" to measure distances 
of 1000 yards. 

(34) Draw a diagonal scale of 9 feet to 1" to show inches. 
Assume 50 feet. 

(35) Construct a diagonal scale showing inches, tenths and 
hundredths. 

*(36) A length of 100 yards is found to measure 3'6" on a 
drawing. What is the fraction of the scale? Construct a 
scale to read yards, making it not less than 4" long. 

*(37) Constru.ct a diagonal scale to read metres with a 
representative fraction of -^-i^. (A metre is 3"28 feet.) 

(38) On a plan 5 square inches represent 720 square yards. 
Draw a scale for the plan. 

*(39) Draw a scale of chains j^nrrD showing poles diagonally. 
(1 chain = 66 feet = 4 poles.) 

*(40) A drawing is on a scale of 4 chains to 1". Make a 
diagonal scale for it about 6" long to read yards. (A chain = 
22 yards.) 

L 
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*(41) Give the representative fraction of a scale on which 
3J" represent 2247 feet. Construct a scale of ^, reading 
feet and inches. 

*(42) Construct a scale of jJj to read decimetres, and show 
10 mfetres. (A decimetre = 0-328 feet.) 

*(43) Construct a scale of -^g, showing yards. The scale 
is to he properly figured, and not less than 7" long. 

(44) Construct a scale of ^-J^ to show 50 yards. Construct 
a comparative scale of mfetres. (A decimetre = 0*328 feet.) 

*(45) The plan of a building is a square of 3" side, the 
diagonal of which represents 100 feet. Make a scale from 
which feet and inches may be measured. 

*(46) A plan is drawn to a scale of 88 feet to an inch. 
Draw a comparative scale by which any distances from 5 yards 
to 150 may be measured on the plan. The scale to be 
properly iigured. 

(47) Construct a diagonal scale of 45 feet to 1" by which 
single feet may be measured, and write down the repre- 
sentative fraction. Show 250 feet. 

*(48) On a plan 6"5" represent an English mile. 

(a) Draw a plain scale of yards to suit the plan, showing 
1500 yards, and divide it to show distances of 50 
yards. 

(6) Draw a comparative scale of Spanish yards. (A 
Spanish yard = "927 of an English yard.) 

Each scale to be properly figured, and all calculations 
shown. 

(49) On a certain drawing 1250 yards of real magnitude 
are represented by 15 "5". Furnish a scale for the drawing. 

*(50) Make a diagonal scale to read miles, furlongs and 
chains, if 3 miles are shown by 3^". Assume 7 miles. Take 
off 3 miles 7 furlongs 6 chains, and state the representative 
fraction. 

*(51) On a scale 10 furlongs are represented by 2^". Draw 
the scale, measure 2 mUes 2 furlongs by it, and state the repre- 
sentative fraction. 
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(52) Draw a diagonal scale to measure tenths and 
liundredtiis, "7 being represented by a line 1;^" long. 

*(53) If a line 5" long represents 4 miles 5 furlongs, how 
long is the line which represents 3 miles 3 furlongs 3 chains 1 
Give the representative fraction. 

*(54) Draw a plain scale of miles and furlongs in which IJ 
furlongs equal ^ of an inch. Show 8 miles. Give the repre- 
sentative fraction. 

*(55) The distance between two places is 35 miles, and 
measures on a map 4'4". Draw a diagonal scale to suit the 
map, showing 50 miles. What is the distance represented by 
2-7"? 

*(56) Construct a diagonal scale of feet and inches on which 
17 feet would be represented by IJ". Give the represent- 
ative fraction, and show 50 feet. 

*(57) Draw a line 4"77" long. Let this represent a 
length of 3 feet 7". Produce it to a length of 5 feet 8". 

(58) If 2 miles 3 furlongs are represented on a map by a 
line 4'37" long, how long would a line be representing 3 miles 
5 furlongs? 

(59) On a map 1" represents f of a rmle. Draw the scale, 
and show 3 miles 5 furlongs. What is the representative 
fraction ? 

*(60) Draw a scale of feet to measure distances from 1 foot 
to 50 feet, 5J feet being represented by •52". Draw this 
scale by the diagonal method, showing inches. Mark off on 
the scale a distance of 42 feet 5". 

(61) A distance of 19 miles is represented by a line 2"37" 
long. Show 45 miles. 

*(62) Draw a scale of ^^200 ^° show furlongs. 

(63) Draw a line 2"14" long. Let this represent a line 
4 feet 4" long, and from one end mark off a distance of 
1 foot 9". 

*(64) A distance of 3" on a plan represents 1*9 miles. 
Construct a plain scale of miles and furlongs to suit the map, 
showing 4 miles. 
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*(65) The distance between A and B on a map is 41 miles, 
and measures 1'7". Construct the scale by the diagonal method, 
showing single mUes. The scale must be long enough to 
measure 100 miles. 

(66) If a map of the world be drawn to scale of 180 miles 
to the inch, what is the representative fraction? Draw the 
scale. 

(67) Draw a diagonal scale of f of a mile to the inch, to 
measure miles, furlongs, and chains. ' Draw a line by this scale 
2 miles 5 furlongs 3 chains long. 

*(68) Draw a diagonal scale of 850 paces to an inch, to 
measure distances from 10 to 4000 paces. State the repre- 
sentative fraction, assuming the pace to measure 32", 

*(69) Draw a diagonal scale to measure yards, feet, and 
inches, 2 feet being represented by 1". Show distances of 
2 yards 2 feet 2 inches, and 1 yard 1 foot 1 inch. 

(70) In a scale f" represents 5 furlongs. Draw the scale, 
and measure 2 miles 5 furlongs from it. 

(71) Draw a scale of miles, furlongs, and chains, 2J miles 
being represented by 3f ". 

(72) Draw a diagonal scale of 120 feet to 1", to measure 
single feet. Show 400 feet. 

*(73) Draw a scale of feet to measure 400 feet, least dimen- 
sion being 10 feet ; 60 feet being represented by •75". Give 
the representative fraction. 

(74) A line 1"75" long represents 5 furlongs. Draw a 
scale of miles, furlongs, and chains. 

*(75) Construct a scale in which 5 furlongs are equal to 
■9". Show miles and furlongs and chains diagonally. 

*(76) A distance of 729 yards is represented on a plan by 
10'8". Construct a diagonal scale of yards for the plan, 
showing 500 yards, by which single yards may be measured. 
Show all your calculations, figure your scale properly, and 
write above it the representative fraction. Show the points you 
would take in order to measure off a distance of 127 yards. 
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*(77) The measurements of an irregular six-sided field, 
A, B, C, D, E, F, are taken and found to be as follow ; — 

Side AB = 250 yards. Diagonal EC = 260 yards. 
„ BC=190 „ „ BE = 300 „ 

„ CD = 140 „ „ CF=360 „ 

„ DE = 220 „ Angle ABC =110°. 
„ EF=150 „ 

Draw a scale of yards having a representative fraction of 
2 8^0 ) ^^^ draw a plan of the field to that scale. Write down 
the length in yards of the side AF and the diagonal AC, and 
calculate the area in yards of the whole field. 

*(78) A map is drawn to a scale of 12" to a mile. Draw a 
comparative scale of chains for the map, showing 50 chains. 
Show all youi calculations, figure your scale properly, and 
write above it the representative fraction. (One chain = 66 
feet.) 

*(79) Draw a diagonal scale of YirVa *° measure single feet. 
Show 500 feet. Figure your scale properly, and show your 
calculations. Show by two small marks on the scale the points 
you would take in order to measure off a distance of 373 feet. 

*(80) A map is drawn to a scale of 6" to an English mile. 
Draw a plain scale of Spanish yards for the map, showing 
2000 Spanish yards, and divided to show distances of 50 
Spanish yards. Show all your calculations, figure your scale 
properly, and write down the representative fraction. (One 
Spanish yard = -9277 English yard.) 

*(81) Draw a scale of -g^^ to measure feet. Show 200 feet, 
and divide the scale to show distances of 5 feet. 

*(82) A distance of 1"35 miles is represented on a map by 
2"15". Construct a diagonal scale of chains for the map by 
which single chains may be measured. Show 250 chains. 
Show all your calculations, figure your scale properly, and 
write above it the representative fraction. Draw a line, and 
from this scale measure a distance of 137 chains. (One mile 
= 80 jjhains.) 

*(83) The distance between two towns is 27J miles, and 
measures on a map 3'25". Construct a diagonal scale of miles 
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and furlongs for the map, showing 50 miles. Show all your 
calculations, figure your scale properly, and write ahove it the 
representative fraction. By means of the scale draw a Kne 
23 miles 5 furlongs long. 

*(84) On a plan 1250 yards are represented by 15"5". 
Draw a comparative scale of French mfetres for the plan, show- 
ing 500 metres, and divided to show distances of 10 mfetres. 
(One mfetre= 1-0936 yard.) 

*(85) Draw a scale of feet, having a representative fraction 
of -^^x^, by which distances of 25 feet up to 1000 feet may 
be measured. Show all your calculations, and figure the scale 
properly. 

*(86) On a Eussian map 10^ versts are represented by 1"25 
English inches. Draw a scale of English miles for the map, 
showing 40 miles. (One verst = "GGl of an English mUe.) 

*(87) It is required to ascertain the distance in mfetres and 
decimetres from a point A, of three points, C, D, and E, all on 
the same side of a straight line-AB, 24 j mfetres long. The 
angles are measured and found to be as follow : BAG = 100°, 
BAD = 80°, BAE = 55°, ABC = 47°, ABD = 65°, ABE = 85°. 
Construct a scale of 7 mtoes to an English inch, show deci- 
metres by the diagonal method, and by means of your scale 
draw a plan showing the position of the points C, D, and E. 
Scale and write down their distances in metres and decimetres 
from the point A. A protractor may be used. (One metre = 
10 decimetres.) 

*(88) A line AB, 3" long, represents on a plan a distance 
of 5 furlongs 15 poles on the ground. Construct a diagonal 
scale of furlongs and poles for the plan, showing 1 nule. 
Figure your scale properly, and write above it the representa- 
tive fraction. Show your calculations. (One mile = 8 furlongs 
= 320 poles.) 

*(89) On a plan a square inch represents 4 acres. Draw a 
scale of chains for the plan, showing 30 chains. (One acre = 
4840 square yards ; one chain = 66 lineal feet.) 

*(90) The distance between two places is 13 miles, and 
measures on a map 2^". Draw a scale of leagues and miles to 



EXAMPLES. 167 

suit the map, showing 10 leagues. Also draw a comparative 
scale of yards by which distances of 1000 yards may be 
measured. 

*(91) The length of an ordinary pace is 32" ; in " stepping 
short" it is 21". Draw a scale of -g-jnTij *° show 600 ordinary 
paces, and also a comparative scale of short paces. 

*(92) Construct a diagonal scale of chains and links for 
a plan on which 27 chains are represented by 31". Show 
5 chains. 

*(93) Draw a plain scale of feet and inches to measure 7 
feet, 1 j feet being represented by 1"3". Draw also a diagonal 
«cale comparative to the above, to show metres, tenths of 
metres, and hundredths of metres. 

*(94) Construct a scale on wliich 80 feet are represented by 
«". Show 50 feet. 

*(95) Draw a diagonal scale of 120 feet to 1", to measure 
single feet. Show 700 feet. 

*(96).Find the representative fraction of a scale in which 
210 yards are represented by 1'75". Construct a scale of 
13 yards to 1", and construct a diagonal scale of -^ touo 
reading furlongs. 

*(97) The representative fraction of a scale is Yxjig-o-. Con- 
struct a scale of chains to show 1 mile. The smallest unit 
1 chain. 

*(98) Draw a scale of 2 chains to 1" to measure 264 yards. 

*(99) On a map 67J miles are represented by 9'3". 
Draw a scale of miles for the map, showing 30 miles. Show 
furlongs by the diagonal method. Show all your calculations, 
figure your scale properly, and write above it the representative 
fraction. Show the points you would take in order to measure 
off a distance of 17 miles 3 furlongs. 

*(100) A distance of 37 EngHsh miles is represented on a 
map by 4'3". Draw a scale of Irish miles for the map, 
showing 40 Irish miles. (An Irish mile = 2200 yards.) 
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(101) On a plan 6"5" represent an English mile, or 1760 
yards. 

(a.) Draw a plain scale of yards to suit the plan, 
showing 1500 yards, ari,d divide it to show 
distances of 50 yards. 
(&.) Draw a comparative 'scale of Spanish yards. (A 
Spanish yard = '927 of an English yard.) 
Each scale to be properly figured, and all calculations- 
shown. 

(102) A ship sails so that the sum of its distances from two 
lighthouses is always 4750 yards. The Hghthouses are 4000 
yards apart. Trace the ship's course for not less than 3000 
yards, starting from a point 1200 yards from one of the Hght- 
houses. Scale ^ildo- 

(103) The distance between two places is known to be 13 
miles, and measures on a map 2;|". Draw a scale of leagues 
and miles to suit the map, showing ten leagues. 

Draw a comparative scale of yards by which distances 
of 1000 yards may be measured. 

(104) Draw a diagonal scale to read leagues, miles, furlongs. 
Eepresent one league by 1". Show 6 leagues. What is the 
representative fraction ? 

(105) On a plan a rectangle 2" x 2J" represents 720 square 
yards. Draw a scale for the plan. 

(106) Draw scales of j%^ to represent English feet, French 
metres, and Greek cubits, if 1 mfetre = 3*27 feet, and 1 cubit = 
"45 mfetres. 

(107) Make a scale of chains, 1 mile being shown, and 
the smallest unit being 1 chain. The representative fraction 

(108) Draw a scale of paces to measure distances between 
1100 and 20 paces, scale f" to a furlong. Erom the scale- 
draw a Hne 740 paces long. (1 pace = 30".) 

*(109) Draw a plain scale of 665 paces to the inch, 100 
paces being the least and 5000 paces the largest dimension 
shown. Mark the representative fraction, assuming a pace to. 
measure 32". 
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*(110) A military sketch is to be drawn to the scale of 2^" 
to the mile. Construct a scale of paces — a pace equals 33" — 
capable of measuring any distance between 4000 and 100 
paces. 

(Ill) A ladder 79 feet long is placed against a building 77 
feet high so that the top of the ladder just reaches the top of 
the building. Draw a diagram to a scale of -j^i and measure 
the angles with a protractor. The scale must also be drawn. 

*(112) The distance between two towns is 19 English miles, 
and measures on a map 2-7". Draw (a) a scale by which 
single miles can be measured. Show 40 miles. (&) A com- 
parative scale to show 10 Austrian miles, if one Austrain mil© 
= 3-3312 English miles. 

(113) There are 69^ statute miles to a degree. Draw a 
scale of statute miles on the scale of 6" to a degree, and give 
the representative fraction. 

(114) Draw a diagonal scale of 120 feet to the inch, t» 
measure single feet. Show 700 feet. 

*(115) A given scale is one of Russian versts, and 1 verst = 
■6628 EngHsh miles. Draw a comparative scale of English 
miles showing furlongs diagonally. What is the representative 
fraction ? 

*(116) Draw AB 37 feet long. From A draw (on the same 
side of AB) AC, AD, making the angles BAG,- BAD, 56° and 
115° respectively. Make AD 46 feet long. From B draw a 
perpendicular to AB, cutting AC in C. Join CD. Write 
down lengths of BC and CD in feet, and the magnitude of the 
angles BCD, ADC. Scale 15 feet to the inch. Assume any 
two points, OP, outside AD, and from each of them draw lines 
making angles of 63° with AD. 

(117) If 60 Eussian versts are represented by 7 '5", and a 
verst=1167 yards, draw a comparative scale to read miles. 
Show 40 miles. 

■"■(lis) On an Austrian map a distance of 2^ Austrian miles 
is represented by 1'15". Draw a scale of English miles for the 
map. Show 30 English miles. Figure your scale, give repre- 
sentative fraction, and show all necessary calculations. (One 
Austrian mile = 3'3312 EngHsh miles.) 
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*(119) A line which measures 2^" on a plan represents 32| 
chains on the ground. Draw a scale of yards for the plan, 
showing 1500 yards; divide it to show distances of 50 yards. 
Show your calculations, figure the scale, and give representative 
fraction. 

*(120) Two men start from the same point A, to walk by 
two different routes to B, where the routes cross. One walks 
due north from A for the distance of 2300 yards and turns off 
to the right through an angle of 45°. The other walks due 
east from A for a distance of 3700 yards, and then due north 
to B. Draw a scale of yards having a representative fraction 
of 2 al-jjo-. Draw a plan of their walk to that scale, and write 
down the total distance traversed by each. 

*(121) On a map a distance of 3'27" represents 2 chains 78 
links. Draw a diagonal scale by which distances of 5 links may 
be measured. Show 5 chains. Figure your scale, show calcu- 
lations, and give representative fraction. By means of the 
scale draw a line 3 chains 65 links long. (1 chain = 100 links 
= 66 feet.) 

(122) A French plan has a scale of decirrifetres, 10 to the 
inch, and a decimetre = "327 English feet. Make a comparative 
scale to read feet. Show 20 feet. 

*(123) Draw a scale of yards having a representative fraction 
•of •j-^'j-2, and by means of the scale draw a plan of a five-sided 
field ABODE from the following data :— &"cZes— AB = 85 
.yards; BO = 130 yards; CD = 105 yards; DE = 170 yards; 
AE=135 yards. Diagonals— BD^ 17 5 yards; AD = 200 
yards. Compute the area of the field in square yards. 

*(124) On a given map 325 chains are represented by 3|". 

(a.) Construct a plain scale of chains showing 400 

chains, and divided to show distances of 10 

chains. 
(&) Construct a comparative scale of yards for the same 

map, showing 3000 yards, and divided to show 

distances of 200 yards. 

*(125) Draw a scale of yards having a representative frac- 
tion of a 3^0. Draw a straight line AB representing 240 yards 
of this scale, and besect it in C. On the same side of AB con- 
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struct the angles ACD = 45°, ACE = 75°, and ACF= 120°. 

Make CD = 250 yards j CE=165 yards; CF = 285 yards, and 
join ADEFB. Reduce the figure to a triangle of equal area, 

having its apex at E, and its base in AB produced. 

*(126) Construct a plain scale of nautical miles, showing 
cables, and least divisions 10 fathoms. Eepresentative fraction 
li^ooo - (One nautical mile =10 cables =1000 fathoms = 
6086 feet.) 

*(127) A man walks from a point A, 3^ miles in a straight 
line due north to B, when he turns to the right through an 
angle of 45° and walks in the new direction 1|- miles to C, 
where he again turns to the right through an angle of 75° and 
■walks 2| miles to D. From D he walks due south for 2^ 
miles to E. Draw a scale of f mile to 1", and draw a plan to 
scale. How far is it from E to A ? A protractor is not to be 
^ised. 

*(128) Two lines AB, 3", and CD, 3^", are drawn to scale, 
and represent distances of 1320 yards and 3^ miles respectively. 
■Give the representative fraction of the scale to which each line 
is drawn. Show your calculations. 

*(129) A distance of 31 miles 5 furlongs is represented on a 
map by 11". Draw a diagonal scale of miles and furlongs for 
the map, showing 15 miles. Give the representative fraction. 
Draw a line 7 miles 5 furlongs in length by scale. 

*(130) Construct a scale of chords to read to 5°. (Eadius 
4".) By means of the scale plot angles of 37° and 78°. 

*(131) Draw a scale of y-y^ to read mfetres. Show 20 
metres. (1 mfetre=10 decimetres; one decimfetre = "327 
^nghsh feet.) 

*(132) Construct a diagonal scale of yIt *° show single 
jards. Length of scale 150 yards. Draw a line 77 yards 
in length. 

*(133) Given representative fraction = 975. Construct a 
•diagonal scale to measure 5 feet, and to show |^ths of an inch. 
Show by two small dots on the scale a distance of 3 feet i^". 
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*(134) A Spanish plan is drawn to a scale of 10 palms to- 
the inch. Draw a scale showing English feet for the plan, 
and giving a length of 35 feet. Show your calculations, and 
give the representative fraction of the scale., (1 Spanish 
palm = '685 English feet.) 

*(135) Two men start from a point A to reach a point B by 
two diflferent routes, which leaving A unite at B. One of thfr 
men walks due north for 750 yards, and then turns off to the 
right through an angle of 55° ; the other man walks due east 
from A for 600 yards, then due north to B. 

First calculate and then draw a scale with a representative^ 
fraction of xs4^-g-- Draw a plan of the routes taken by the- 
two men, and write down the total distance each traverses. 

*(136) Construct a plain scale of metres, showuig altogether 
3| kilometres. Least divisions 50 metres. Representative- 
fraction xwoTT- 0- kilometre = 1000 metres = "62 of a mile; 
1 raile = 1760 yards.) 

*(137) The distance between two points on a map is 23"45". 
The actual distance is 24 miles 750 yards. Construct a diagonal 
scale for the map, showing miles, furlongs, and chains. Show 
by two small dots on the scale a distance of 2 miles 3 furlongs- 
9 chains, and state the representative fraction. (1 chain = 22 
yards.) 

*(138) An Enghsh map is drawn to a scale of 6" = 1 mile. 
Construct a scale for use with this map in Erench measure 
One mfetre = 39'37" (nearly). Give the representative frac- 
tion, and indicate on the scale a distance of 1470 metres. 

*(139) In a certain country 10 units of area = an acre.. 
Make a scale for use in this country which wUl read to tenths 
and hundredths by the diagonal method. The representative 
fraction is yts- Indicate by two marks on the scale 3"78 units- 
of length. 

*(140) Draw a scale whose representative fraction is -g-o^ry. 
Show furlongs, and represent 50 miles on the scale. Draw a;- 
line AB under the scale 7 furlongs in length. 

*(141) A mUe is represented on a map by 8". Draw a plain 
scale of chains for the map, showing 50 chains, and give the 
representative fraction. 
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*(142) Draw a diagonal scale of yards to read feet and 
inches, the representative fraction being -j-^. ' Show 10 yards. 

*(143) A vertical pole, 100 feet high, casts a shadow on the 
■ground, the sun's rays being incUned to the horizontal at an 
angle of 38°. If the pole is represented by a line 3" long, con- 
struct a scale to measure the shadow, and find its length in feet 
T)y means of the scale. 

*(144) Construct a scale of yards, to read feet and inches. 
Eepresentative fraction ^r. Show, by marks upon your scale, 
a length of 1 yard 2 feet 7". 

*(145) Construct a diagonal scale of miles, furlongs, and 
■chains. Take If" to represent 8 furlongs. Give the repre- 
sentative fraction. Make the scale to read 4 miles. Show 
by two marks upon your scale the points you would take to 
measure oif a length of 2 miles 1 furlong 7 chains. 

*(146) The distance between two towns is 27^ nules, and 
measures on a map 3"25". Construct a diagonal scale of miles 
and furlongs for the map, showing 50 miles. Give the calcula- 
tions and representative fraction. By means of the scale draw 
a line 23 miles 5 furlongs long. 

*(147) On a plan 1250 yards are represented by 15'5". 
Draw a comparative scale of French metres for the plan, show- 
ing 500 metres, and divided to show distances of 10 metres. 
<1 metre = 1-0936 yards.) 

*(148) A map is drawn to a scale of 6" to an English mile. 
Draw a plain scale of Spanish yards for the map, showing 2000 
Spanish yards, and divided to show distances of 50 Spanish 
yards. Show all your calculations, figure your scale properly, 
and write above it its representative fraction. (1 Spanish 
yard = -9277 English yard.) 

*(149) A man starts from a point A and walks 3 miles 1 
furlong to the right in the direction of B. He then turns to 
his right at right angles and walks f of a mile. He then turns 
60° to his left and walks 3 miles 5 furlongs. He then turns 
back 130° to his right and walks 4^ miles. He then turns 70° 
to his right and walks 2 miles 3 furlongs, arriving at C. Plot 
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his journey, and measure and write down the distance from C 
to A. A scale must be drawn f of an inch to a mile. 

*(150) Construct a diagonal scale showing Russian sagenes 
and feet. Make the scale to show 100 sagenes. Mark by two- 
dots on the scale a length of 47 sagenes 3 feet. Eepresentative 
fraction ytstj- (-^ Eussian foot is equal to an English foot ; 
1 sagene = 7 feet.) 
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The student should now be able to combine the figures he has 
learned to draw, so as to form geometrical patterns. To ensure 
accuracy, care must be taken to make a framework of the Hues 
of construction. It is important always to draw centre lines of 
construction wherever needed. The student should draw them 
not only on the same scale as that given, but twice or three 
times as large, or in any other proportion which may appear 
suitable. All pattern drawings should be inked in. 

(1) First, dra-w the horizontal and vertical lines of 
construction in squares ; afterwards darken the 
portions of the lines which form the pattern. 



Fig. 1. 



(2) Copy this Greek fret to any scale required. 
Proceed as in Fig. 1. 





IlG. 2. 
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(3) Draw the given figure full size, adhering strictly 
to the figured dimensions. It is based on an 
equilateral triangle. 




Fig. 3. 



(4) In the given figure the five points of the star are 
situated at the angles of a regular pentagon. 
Draw the figure from the dimensions attached. 




Fig. i. 
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Fiyst obtain the five points of the star by construction 
within the circle of the required diameter. Join the alternate 
points, and proceed as in the given figure. 



(5) To draw a foiled figure about a given regular 
polygon, — say a cuspidate cinquefoil about a 
regular pentagon. 




Fig. 5. 



Take the corners of the pentagon as centres, and with a 
radius equal to half the side of the pentagon describe arcs. 
These will form the foiled figure required. 

Note. — When two circles pass through a common point in 
the line joining their centres they touch at that point. The 
figure thus constructed will be cuspidate. 



(6) Draw the three squares as shown. (Fig. 6, p. 178.) 

With A and B as centres describe arcs meeting the inner 
square, with radius AC. The quatrefoil in the centre is drawn 
round the small square. 

M 
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Fig. 6. 



(7) Draw the geometrical pattern shown, making it 
half as large again as the copy. 




Fig. 7. 

First, draw the parallel Hnes for the sides, also a centre line. 
The arcs are cuspidate trefoils about equilateral triangles. 



(8) The following figure is based on the construction 
of regular hexagons. 

First, draw seven parallel lines at equal distances; then 
construct the large hexagons on the bottom line. The rest of 
the work will be seen from the figure. 
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Fig. 8. 

(9) Within a given hexagon draw a hexafoil of semi- 
circles to -which the sides of the hexagon shall 
be tangents. On the diameter of each semi- 
circle as a diagonal construct a square. 




Fro. 9. 
Draw lines from the corners of the hexagon to the centre, 
also lines from the centre bisecting the sides of the hexagon. 

(10) The following figure is to be drawn to twice the 
scale. 
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The construction lines as shown are sufficient for the work- 
ing of the figure. 




Fig. 10. 
(11) The given figure represents a windo"w of the 
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English decorated style. The construction is 
suffloiently shown and dimensions are given. 
Draw the window to a scale of IJ" to 1 foot. 



(12) In a circle of 1^" radius draw the figure shown. 




Fig. 12. 



(13) Draw a figure similar to the given one, but half 
as large again. 




Fig. 13. 
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(14) Draw the given figure full size from the dimen- 
sions given in the accompanying diagram. 




Fig. 14. 



(15) Draw the given figure fuU size, adhering strictly 
to the figured dimensions. 




Fig. 15. 
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(16) Draw the given figure twice the size. 



■183 




Fig. 16. 



<17) Copy as accurately as you can the accompanying 
figure. AH the curves are portions of circles. 




Fig. 17. 
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(18) Copy accurately the figure given below. 




Fis. 18. 
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Graphic Aeithmetic is the employment of lines representing 
numbers. Lines are the results, and represent the required 
product, dividend, &o., on the same scale of units as the 
original lines. The results are obtained by means of geometrical 
proportions, instead of the ordinary process of Arithmetic. 

A line may represent any number of units. For instance, a 
line 2" long may represent 20 units : therefore ^ of the line 
represents 1 unit, -^ of the line 2 units, ^ of the line 5 units, 
J of the line 10 units, f of the line 15 units ; or any fraction 
of the unit may be shown. 

(1) If a line 2" long represents 5, what is the unit ? 

Divide the Une into 5 equal parts. Each part thus obtained 
is the unit. 

(2) A line 2" long represents 5. Produce it to re- 

present 8. 

Divide the line 2" into 5 equal parts. Produce the line and 
add 3 of the equal parts. The whole line represents 8, or 3 + 5.. 

(3) Show f when the unit is 2". 

Divide the unit into 5 equal parts. 3 of these parts represent 
I of 2" the unit, or|-f = |. 

(4) The unit being |", represent 5 + 2-3 + 1-4. 

Draw an indefinite line, and from one end A measure 5 units 
AB. From B add 2 units EC. From C set back 3 units CD. 
Add 1 unit DB. From B set back 4 units BE. AE will be 
found to measure 1 unit or |" for 5 + 2 - 3 + 1 - 4 = 1. 
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<5) Find f when the unit is 1". 

To divide one line by another the quotient is a fourth pro- 
portional to the divisor the dividend and the unit. 

(6) To determine the product of any number of Unes, 

a X 6 X c, a = 2", 6 = If, c = |". Unit 1". 

Take any line AB, and set off from A a length Al, equal 

to the given unit, — in this case 1", — and erect a perpendicular 

IC. Set off distances on IC from 1, equal to the lengths 

- oi given lines, as la = a, 16 = 6, &c. Draw lines from 




y^ 



2 

Fig. 1. 



3 B 



A indefinitely through these points. Along AB set off A2 = 6, 
and raise a perpeindicular 2a!, cutting AD in x. .". 2a; = ax6. 
From A set off 1x on AB, as A3, and at 3 erect a perpen- 
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dicular meeting AE in y ; 3y = 2xxc = axbxc. The line 3y 
measured from the same scale of units as the original line is 
the product required. axbxc — 3y, or2xl|x^= 1-|". 

Note. — If lines are substituted instead of numbers, the 
square or any power of a Hne may be found by construction. 

(7) Find the square of a line IJ" long when the unit 

is 1". 

A third proportional to the unit and the line is the square 
■of the line. 

(8) Find the cube of a line 1^" long. Unit 1". 

First find the square of the line as in the last problem. A 
third proportional to the line and the square of the line is the 
oube of the line. 

<9) Find the fourth power of a Une li" long. Unit 1". 

Obtain the square and the cube of the line by Problems 7 
and 8. A third proportional to the square and cube of the 
line is the fourth power of the line. 

<10) Find the fifth power of a line H" long. Unit 1". 

A third proportiona,l to the cube and the fourth power of the 
line is the fifth power of the line. 

Note. — The square or any power of a fraction may be found 
in a similar manner. 

The square root of any number is the mean proportional 
between that number and unity. 

(11) A line CD represents 9. Obtain by construction 
a line which will represent the square root of 
CD. 

Divide CD into 9 equal parts, and find a mean propor- 
tional DE to CD and ^ of CD. DE is the squai'e root 
required. 
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(12) Division. — To divide one line by another, the 
dividend is a fourth proportional x to the two 
lines and the given unit. 



(13) Addition of Fractions. 

Reduced to a common denominator = 



Obtain the value of Jjj + f + 1. 
3 + 20 + 6 



30 



Draw two lines at right angles to each other, as BAG, and 
make AD = to th^ common denominator ; and on the same line 
set off Aj, Ag, Ag, equal to the respective denominators 10, 3, 




and 5. Along AB set off An, An', equal to the numerators. 
Join the point n on AB with 1 and 3 on AC, also n' and 2. 
Draw lines from D parallel to n'2, w3 and nl meeting AB 

Am + Am' + Am« 



m m, m , m^. 



TV + t + 



30 



If X be the sum of the lines Am, Am', Am^, a fourth pro- 
portional to the denominator x and the given unit will be a 
line representing the sum of the given fractions. 
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(14) If A (a line 1" long) represents Jl, what is the 
unit? 




Fig. 3. 

Find iJ7 from any scale of units, as BC. From B on BG 
continued set off BD equal to A. Draw a line from D parallel 
to CE, meeting BE continued in F. BF is the unit required. 

(15) Find by construction the quantities —j-, Jj^ the 
unit being a length of 2". 

/3~ /30 

Simplified are -^j -^!^' and, further simplified, J of ,^3, 

^ of ^30. J of ^3, the unit being 2", is found by describing a 
circle of 2" radius, and proceed as in Problem 131 page 70. 
^ of ^30, the unit being 2". The mean proportional between 
a line 10" and ^ of 10" is the length of v'fT 



(16) Determine by construction the line — 

«= Va2-&2 + c2, a=li", e=ll", and 6 = f". 

Draw a and c at right angles to each other and equal to the 
given lengths, and on Ja^ + ^2 describe a semicircle; set off 
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the length of h within the semicircle, from the extremity of a 
to point M. Draw a line from M to the extremity of c, which 
is X, the line required. 




(17) Obtain by construction a line which represents 
A + 2^f. Unit 0-5". 

4 _ 4/3 4 /6~ 4 

5 + 2 Vf simplified is | + 2^=g + 2 x^ = g+ ^6. 

Find a line ^ of '5". Also ^6, which is a mean proportional 
to six times '5" and "5" — i.e. 3" and "5". A line equal to the 
sum of their lengths is the one required. 



2a 
(18) Find by construction x= —^, a being 2" in 

length. 

3 




X 7 

Fig. 5^ 
(5 Scale.) 
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Draw lines 1, 2 and 1, 3 at right angles to each other, 1, 2 
equal to the length of ^3, and 1, 3 equal to 2". Join points 
2, 3, and from 3 draw a Une 3, 4 at right angles to 2, 3, meet- 
ing 1, 2 produced in 4. The line 1, 4 = a;. 

(19) Determine a line whose length shall represent 

J^, taking |" as the unit. 

Draw a line AE equal in length to the unit, and produce it 
to B, so that EB shall represent 3^. A mean proportional ED 
between AE and EB is the square root of BE or ^|. 

(20) If a given line AB, 1^" in length, represents ^, 

determine the unit. 

Divide AB into 7 equal parts. 4 of these parts represent 
the unit. 

(21) If the given line A represents the unit, what 

numbers do the lines B, C and D severally 
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represent ? Determine also a line representing 

B 
CxD- 



Draw two lines at any angle, and mark off on one of them 
distances equal to A, B, C and D. From point on the other 
line set out i" from 0, and join point A. Draw parallels to 
A i" through C, D and B. The lengths OC, OD', OB', when 
referred to an ordinary scale of ^", will show the numbers 
represented by the given lines. 

Draw AB equal to the unit, and at B set out BC perpen- 
dicular and equal to given line C. Draw AC indefinitely. 
Produce AB indefinitely towards G. Measure AD equal to 
D, and draw DF perpendicular to meet AC in F. DF repre- 
sents CxD. Make DE equal to the unit, and DG equal to B. 

Join FG, and draw EH parallel. DH = _^ 



(22) If A represents the product of B and C, what 
length of line will represent the product of A 
and C, 




To find the unit draw DE and EF at right angles. Make 
DE equal to B and EF equal to A. Draw a line from D 
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through point F. Make EG equal to C and draw GH, HK 
parallel to DE and EF respectively. DK is the unit. Find 
the product of A and C when DK is the unit. Make DL equal 
to A. A perpendicular to DL from L, to meet DF produced 
in M, gives LM, the product of A and C. 

(23) If the area of an equilateral triangle of 2^" side 
is represented by 3 J", what is the unit? 

Draw a rectangle ABCD equal in area to the triangle : there- 
fore AB X AD is the area of the figure. Find a imit so that 
AB X AD shall he a line SJ" long. At B draw BE perpendicular 
to AB and equal to 3^". A line joining A and E meets CD in 

F. Draw a line from F parallel to AD, meeting AB in point 

G. AG is the luiit required. 



(24) N and M are two lines. Determine J^, the unit 
being 0-5". (iV=lf" and M=4" in length.) 

A fourth proportional x to the two lines N and M and the 
given unit is the quotient. The root of the quotient measured 
in units is found by Problem 131, page 70. Thus J'^ is 
determined. 

The value of a; in the following equations may be determined 
in the same manner, 1" being the unit. 

^ ,2 ,10 /78 ^ /V3 



(25) Find the angle between two lines whose equa- 
tions are x + y = \. y = x + 2. 

Draw two lines at right angles to each other, as X and Y. 
a; + y=l. .-. from a scale of units set off 1 unit to the right 
of O on X as m, and 1 unit above on Y as m'. Draw a hne 
through m and m'. For the second equation set off 2 units from 
O to the left on X as n, and 2 units above on Y in n'. A line 
drawn through n, n' meets the line drawn through tn, m' in A. 
The angle at A is the one required. 
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Fia. 8. 

(26) Find the length of the perpendicular from point 
1, - 2, on the line x + y-4 = 0. 




Via. Q. 
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Draw two lines at right angles to each other representing X 
and Y, and meeting in point O. 

From any scale of units set off + 4 on hne X, as OA, and 4 
units on Y, as OB. The line drawn through AB is a; + ?/ - 4 = 0. 

From the same scale of units set off from O on X 1 unit, 
and from on Y 2 units below. Lines drawn from 1 and 2 
on X and Y, parallel to X and Y, meeting in C, give the point 
1,-2. The perpendicular CD to AB measured from the same 
scale of units is the length required. 



(27) Determine the locus of the curve whose equa« 
tion is : (2/ - If + (a; - J^f = ^2. Unit 1". 




Fig. 10. 

ftbs Scale.) 
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Assume a point A for origin, draw lines Ax, Ay at right 
angles, set off AB = 727 which is 1-414, and AC = 2". Draw 
BD parallel to AC, and CD parallel to^B. From D as centre, 
and radius 1^, describe a circle ( ^2 is found by taking a 
mean proportional between ^2" and 1"). 

If point E be taken in the circumference representing oey, 
the line EF drawn parallel to Ay, meeting CD produced in F, 
it may be seen that EF = 3/-2,_and DF = a;- ^/2, and that 
(EF)2 + (DF)2 = (DE)2, or {x - J2Y + {y- 2f = J2. 



(28) Draw the curve whose equation is : y^ + i)i?-6y+- 
4a; -3 = 0. Unit -5". 




Jio. 11. 



Simplified we have- 



y^-6y+9 + x^ + ix + 4: = 3 + i + 9; 
.: {y-3y+{x+2f = lQ. 

What is required is a circle having a radius equal to i 
units. 

Draw two lines Ax, Ay at right angles to represent x and y, 
set off from A on Ax to the left 2 units, and set off from A 
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on Ay 3 units. Draw a line from 3 parallel to Ax, and a line 
from 2 on Ax, parallel to Ay, meeting in 0, the centre of the 
■circle required. 

The radius is equal to 4 units. Add 1 unit to line 02 below 
Ax. This hne is the radius required. 



<29) Determine the intersection of the circle y^+x^ = 
16 with the lines y + x = \, y + x= -3. 




Draw two lines at right angles to each other representing 
X and Y, and meeting in point O. 

With as centre, and radius equal to 4 units, from any scale 
of units describe the circle. 

From on X and T set off 1 unit as OB, OA. A line 
drawn through A and '&isy + x=\. 

From on X and T set off 3 units as OC, OD. A line 
drawn through C and D is 2/ + a; = - 3. The lines intersect the 
«ircle in points 1, 2, 3, and 4. 
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(30) Find the angle between the lines x + y ^3 = 
and x-y JB = 2. 

Draw two lines at right angles to each other representing X 
and Y, and meeting in point O. 

From any scale of units set off on X to the left of O 

^37 and on T above X 1 unit as 01. Complete the 




Fie. 13. 



parallelogram, and draw the diagonal OC. The line 0C = 
a; + y>/r=0. 

From the same scale of units set off 2 units to the right of O 
on X as A, and AB = J^. BD = 1 unit. Complete the 
parallelogram ABDE, and draw the diagonal AD. The line 
AD is a; -2/ ^3 =2. The lines OC and AD intersect in G. 
The angle AGO is the angle required, and is one of 120°. 
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(31) Draw lines represented by the equation 

The equation simplified is {y - 3a;) {y -x) = 0. 
Draw two lines at right angles to each other representing 
X and Y, and meeting in point 0. 

From any scale of units set off on Y above 3 units as OA, 




and from on X 1 unit as OB. Complete the parallelogram 
ACB. The diagonal 00 is y - 3a; = 0. 

From the same scale of units set off on X OB equal to - 
1 unit, and on Y OD equal to 1 unit. Complete the 
parallelogram ODEB. The diagonal OE equals y-x = Q. 



Note. — A parabola gives the square of all quantities. 

(32) Draw a curve which will give the square of all 
quantities fi:om O to 6, taking 
unit. 



1 " 



as the 
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Draw any straight line gl, and mark upon it a starting 
point 0. Set off six equal distances to the left of this point, 
each 1 unit in length, as a,e, d,, e, f, g, and any other six equal 
distances to the right, as 1, 2, 3, 4, 5, 6. At each of these 
points draw lines at right angles to gh. Set off one unit •^" op 
below gh. Join points p and g, and draw gG at right angles to 
gp, meeting the perpendicular through o in G. Join pc, and 




Fig. 15. 

draw a line cC at right angles to cp. Points BDEF are found 
in a similar manner. Horizontal lines drawn through these 
points will meet the vertical lines drawn through points 1, 2, 3, 
&c., in points on the required curve, which is a parabola. 
We may apply the problem by finding the square of 2|-. Take 
a point along oh to correspond to 2J of the distances set off 
from to the right. A vertical line through the point will 
meet the curve ; its length will measure (2|)2 or 6J, i.e., 6J 
times the given unit -j^". 



(33) Construct the curve whose equation is y^=2a;- 1. 
Unit 1". 

The equation simplified is y^ = 2{x - 1^). The curve there- 
fore is a parabola. 



GRA.PHIC AEITHMETIC. 



201 



Draw the axis AB. The focus E will measure from A the 
unit 1". Through A draw the directrix CG at right angles to 
AB. The vertex D is half a unit from the focus, measmed 
■on the axis. Draw EF at right angles to AB. EF equals 




Fig. 16. 

the unit 1". The curve is completed by Problem 195 in 
-Practical Geometry. 



Note. — The area of any rectilineal figure may be represented 
by a Hne. To obtain this Une the figure must be reduced to a 
triangle of equal area. 

(34) To represent by a line the area of the given 
triangle ABC. 

Take any angle of the triangle ABC as centre (in this case 
B), and describe an arc with radius equal to 2 units of the scale 
to which the given figure is drawn. Draw a tangent from A to 
this arc, from C draw a line parallel to AB meeting the 
tangent in D. The line DA represents the area of the figure 
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measured on the same scale of units to which the origiaal 
figure is drawn. 

This process is called the reduction of a triangle to a given 




Fio. 17. 

base, the base in this case being 2 units. Eeduction of areas, 
to a given base is necessary for finding the centres of gravity 
of plane figures. 



(35) To find a line to represent the area of an7 
rectilineal figure. 

First reduce the figure to a triangle of equal area, and pro- 
ceed as in the last problem. 
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(1) To find the resioltant of two velocities along the 
same line. 

The resultant of two or more forces acting in the same^ 
direction is the sum of those forces. If in opposite directions,, 
the difference is the resultant. 



(2) To find the result of two velocities in diflferent 
directions. This is found by what is known, 
as the parallelogram of forces. 




From point draw one of 'the forces OA, representing the 
magnitude and direction of the force, and from A draw AC, 
representing the other force in magnitude and direction. 
Complete the parallelogram OACB. Join OC. OC represents, 
the resultant. 

(3) Resolve each of the given forces P and Q (P = 
7 lbs., Q = 9 lbs.) along and perpendicular to 
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the given line AB, and write 
resultant force in each direction. 



down the 



From any scale of units set off QR equal to 9 units, and 
from the same scale set off PS equal to 7 units. Complete 
the rectangles of which QE and PS are the diagonals. 




Fig. 2. 



■Continue two sides of the rectangles to meet AB in points 
1, 2 and 3, 4, and the other two sides to meet a line XT drawn 
perpendicular to AB in points 5, 6 and 7, 8. The force 
perpendicular to AB is the sum of the lines 5, 6 and 7, 8 
measured from the scale of units. The force acting along 
AB is the line 1, 2 forcing to the left — the line 3, 4 forcing to 
the right, measured from the scale of units. 



GRAPHIC STATICS. 



205 



(4) To find the position a weight free to move will 
take on a cord. 




Fig. 3. 

A and B are the points of suspension. Set oif AC equal to the 
length of the cord ; bisect BC in D. Draw a horizontal Une 
from D meeting AC in E. Point E is the required position of 
the weight. 

(5) A sphere O, of a given weight, is placed on a. 




Fig. 4. 
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smooth inclined plane AB, and is sustained by 
a force P which acts along AB in the vertical 
plane, which is at right angles to AB. Find F, 

The effect of the inclined plane is to produce a reaction E, at 
right angles to the plane, on the sphere. If we introduce this 
force, the plane we may imagine removed^ Therefore draw a 
parallelogram CWSR, having its sides parallel to the direction 
of E and W. The diagonal SC is the direction and magnitude 
of the force F required. 

(6) The direction and magnitude in lbs. of five 
forces, acting at one point A, are given. 
Determine the direction and magnitude of their 
resiiltant. 




J9 '» 



Fig, 5, 



Draw a polygon of forces — i.e., lines parallel to the directions 
of the forces, and equal in length to as many units as magnitude 
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in lbs. The line joining the end of the first direction of forces 
and the end of the last is their resultant, and the direction of 
this force is from the starting point a to the finishing point /. 
The magnitude of the force is the number of units the resultant 
xieasures. 

Note. — If all the forces act in parallel directions, then the 
polygon of forces is a straight line ; and in the case of roof and 
bridge trusses, this polygon is spoken of as the Line of Loads. 



(7) Draw six lines ao, ho, co, do, eo, fo, radiating from a 
point 0, any two adjacent lines including an angle 
of 60°. These six lines are respectively the lines 
of action of forces of 80, 100, 90, 60, 120, and 50 
lbs. all acting towards o except those along od and 
of, which act away fi-om o. Determine and write 
down the magnitude and direction of the result- 
ant of the forces. 




Fig. 6. 



ao and od act in the same straight line, and are therefore 
equal to a single force acting from o towards tZ of 80 + 60 = 140 
lbs. 

oe and of are equal to 50 + 90 = 140 lbs. acting from o 
towards /. oh acts in the opposite direction to oe, and are equal 
to 120 - 100 = 20 lbs. acting from o towards h. 
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The resultant of the two forces is 140 lbs. acting from a 
through e at 60°, and forms an equilateral triangle ofe. 

Therefore the resultant, allowing for the 20 lbs., is 120 lbs. 
acting from o to e. 

In the drawing any unit may be taken to represent 10 lbs. 

The resultant of any number of forces acting in a plane, and 
if their directions do not pass through one point, a funicular 
polygon may be employed to find the resultant. A funicular 
polygon is important in the subject of Statics, and is so called 
because it is the form a cord would assume when subjected ta 
the forces shown. 



(8) Pour forces AB, BC, CD, DB act in a body. To 
find the resultant. 




Fig. 7. 

The polygon of forces will give the magnitude and the direc- 
tion of the resultant, and the funicular polygon a point on its 
line of action. 

First draw the polygon of forces, which gives the resultant 
ae in inagnitude and direction. Assume any point o as pole, 
and join oa, 6b, &c. Draw lines in the spaces B, &c., as lines 
1, 2 2, 3 &c., parallel to ob, oe, &c. From point 4 draw 4F 
parallel to oe. Point F is on the line of action of the resultant 
forces. 1, 2, 3, 4 is the funicular polygon. 
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Note. — The process of finding a number of forces which shall 
have a given force for their resultant is called, Resolution of a 
force into its components. 

(9) Given a force AB, resolve this force into two 
components in the directions x and y. 




Fig. 8. 



From A and B draw lines parallel to x and y meeting in C. 
AG and CB represent the components of AB. (See Problem 
2.) 



(10) A given force AB may be resolved into two 
components along two parallel lines of action 
X and y. 



c X 




Fie. 9. 

If the force AB be reversed, this force and the components 
of AB in the original direction will be in equilibrium. Draw 
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the polygon of the forces, ha representing the original force 
reversed, and complete the polygon. 

Draw also a f unicTilar polygon, so that the sides in the spaces 
A and B are parallel to oa and oh, and meeting the lines of 
action in points C and D, Draw oc parallel to CD. Then ae, 
ch represent the components along x and y. 



(11) A uniform rod AB, weighing 53 lbs., is 
pivoted at A. If a force P of 32 lbs, is 
applied at O, where must a parallel force of 
41 lbs. be applied to maintain equilibrium? 
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Fig. 10. 



Four forces keep the bar in equihbrium — the weight of 
the har acting downwards at the centre 0; the given force 
P acting downwards at C; the reaction at the pivot A act- 
ing upwards ; and 41 pounds acting upwards at an unknown 
point D. 

Draw the polygon of forces to any scale of units — ah 32 lbs. 
or units, 6e 53 units, ct? 41 units. 

Complete the funicular polygon 1, 2, 3, 4. Point 4 is the 
line of action of the weight 41 lbs. A perpendicular through 
point 4 meets the rod AB in point D required. 
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(12) Resolve the given force P, 240 lbs., along the 
given lines aa, hh. Write down the magni- 
tudes of the resolved components, and indicate 
their directions by arrows. 




Fie. 11. 

Take any scale of units and draw cd parallel to P, and equal 
to 240 units. Complete the triangle cde, de parallel to hh, and 
ce parallel to aa. Reverse the direction of the force P on ed, 
and f oUow the triangle round as shown. The arrow-heads show 
the direction of the two components, de and ec measured from 
the same scale of units will give the magnitudes of the forces 
<m and hh. 



(13) A uniform beam AB, weight 44 lbs., is sus- 
pended by two strings from its extremities to 
the point O. A weight P of 13 pounds is hung 
on the beam in the given position. Determine 
the position of the equihbrium of the system. 

Consider the weight of the beam 44 units to act at point Q, 
the centre of AB, and a weight of 13 at P. 

If PQ he divided inversely at C, proportionally to the two 
loads, point C is the centre of gravity (PI equals 44 units, 
Q2 equals 13 units), and point C must lie where the whole is 
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suspended vertically under point 0. Then MN perpendicular 
to 00 is the horizontal and 00 the vertical line. 




Note, — Any system of parallel forces not all acting in the 
same plane can be found by representing the polygon of forces 
and the funicular polygon in plan and elevation. 



(14) To determine the reactions of a loaded beam XY 
on the right and left walls respectively. 
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Fig. 13. 



The loads are at AB, BO, &c., EF and FA the reactions. 
Draw the polygon of forces, also the funicular polygon in the 
spaces A, B, &c., parallel to oa, &c., and join GH. JDraw of 
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parallel to GH, then ef and fa are the reactions on the right and 
left walls. 



Note. — The moment of a force about a point is equal to double 
the area of the triangle whose base represents the magnitude of 
the force, and whose height is equal to the perpendicular dis- 
tance of the point from, the direction of the force. 

(15) To represent the moment of a force about a 
given point. 




Fig. 14. 

P represents the force about point 0. Draw ab parallel to 
P, and representing the force to any scale of units. Let o be a 
point taken at a unit distance from ah ; draw oa and oh. Take 
any point M on the line of action P, and draw ME" and MQ 
parallel respectively to oa and oh. From O draw a line KQ 
parallel to P. The length of NQ represents the moment of P 
about 0. The line NQ measured in units on the scale adopted 
is the moment required. 

.•. 2/xa;'=2! = P X lo. 



(16) To find the resultant moment about a gi-«-en point 
P of any system of parallel forces, AB, BO, 
CD, DE. 

Draw the polygon of forces, ae, representing the resultant in 
magnitude and direction. Also draw the funicular polygon 1, 
2, 3, 4, 5. The sides 4, 5 and 1, 5 intersect in point 5 ; a point 
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in the line of action of the resultant ae. A line drawn through 

P 



-a e 




Fig. 15. 

P parallel to ae meeting lines 1, 5 and 4, 5 in points x and y. 
Then xyxw ia the required moment. 

In practice should be taken, so that the product iv ■>< xy 
may be easily determined. Some multiple of 5 will be found 
the most convenient length of the polar distance. If O be taken 
at unit distance from ae then w y. xy = xy, and the required 
moment will be found by measuring xy. 

Note. — The moments of a system of forces can be represented 
by a series of rectangles ; and if reduced to equivalent rectangles 
all of which have equal bases, a scale can be constructed from 
which the heights of the rectangles read off, give the value of 
the several moments according to the scale of units adopted. 

(17) Eeduction of moments to a common base. 

In the figure a^ Pi, a^ P^ . . . . represent the magnitude, 
direction, and position of forces whose moments about any point 
in their plane are to be reduced to a common base. Suppose 
that the common base to which the moments are to be reduced 
is H. Draw any line XY through 0, and from a^, a^, &c., 
draw lines a^^, a%^, &c., parallel to XY, and equal to the 
given base H. Join Jipi, b'^'2'^, &c. Through draw Oci, 
Oc2, &c., paraUel to 6ipi, W^'^, &c., and meeting aipi, V'2\ &c., 
produced in c^, (?, &c. From c^, c^, &c., drop perpendiculars 
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cW, c^dP, &c., on the line XY. These perpendiculars, c^d?- = in}, 
cH^ = m^, &c., are the.requrred heights of the rectangles, having 
H as the base. 




Fig. 16. 

The scale of force is 100 lbs. to 1". 

The linear scale is 80 feet to 1". 

The scale of moments must be so drawn that y units on the 
scale of force equals i/ x 100 units on the scale of moments; 
thus on the latter scale 1" represents 1000 foot lbs. 
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(18) To find the resviltant moment about a given point 
P of any system of forces AB, BO, CD, DB. 
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Draw the polygon of forces, ae representing the resultant in 
magnitude and direction. Also draw the funicular polygon 
1, 2, 3, 4, 5. The sides 4, 5 and 1, 5 intersect in point 5 ; a 




point in the line of action of the resultant ae. A Una drawn 
through P parallel to ae, meeting lines 1, 5 and 4, 5 in points 
X and y. Then xy>iw is the required moment. 

A couple consists of two concurrent parallel forces which 
act in the same direction, or two parallel forces which act in 
opposite directions, which are said to be non-concurrent. If 
the forces forming a couple were in the same straight line 
they would Be in equilibrium. 

The two forces applied by the thumb and fingers to the 
handle of a common tap form a couple. 

The twist appHed to a screw-driver without pressure is a 
couple. A couple tends to cause rotation ; and when in the 
direction of the hands of a watch, the couple is called negative, 
when in the opposite direction it is called positive. 

The arm of a couple is the perpendicular distance between 
the lines of action of the forces. 

The moment of a couple is equal to one of the forces 
multiplied by the arm of the couple. 

Couples may be solved graphically by the funicular polygon, 
the polygon of forces, and Graphic Arithmetic. 
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(19) Weights are suspended from the given points 
along a weightless rod, as AB, BO, CD, DB, 
BP, FG. To determine the point about which 
the rod will balance. 




Fig. 19. 



Draw the polygon of forces, also the funicular polygon 
1, 2, 3, 4, 5, 6, 7. The sides 1, 7 and 6, 7 intersect in point 7, 
a point in the line of action of the resultant. A line drawn 
from 7 parallel to the hne of loads meets the rod in point 0, 
about which the loaded rod will balance. 



(20) Let the vertices of a string or chain be denoted 
by the ntmibers 1, 2, 3, 4, 5 and 6, and let the 
forces Pg, &c., act at the vertices. The tension 
on the portion of the string 1, 2 being known, 
to find the tension on the remaining parts. 



Take a point 0, and draw from it a line A parallel to the 
string (1, 2) and proportional to the tension T12 (that is, 
draw from a line parallel to 1, 2, and 12 units in length). 
From the end of A draw the line B parallel to Pj, and a 
line C from O parallel to the portion of the string 2, 3, 
meeting the line B. The line C measured in units is the 
tension on the portion of the string 2, 3. By completing the 
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polygon of forces, the tension on the successive portions of tha 
string may be found, 

o 




Fig. 20. 



(21) The following skeleton diagram shows a wharf 
crane, carrying a weight W, 6 tons. Show by 

B 




Fig. 21. 
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construction the different stresses on the 
tension rod AB, and the jib BC. 

At the jib-head B three forces meet and are in equilibrium — 
the downward pull of the weight, the resistance of the tension 
rod, and the thrust of the jib. Therefore draw a line 
ab 6 units in length parallel to the downward pull of the 
weight. The length of the other sides of the triangle ah, bo, 
will represent the tension upon the tie-rod and the compression 
upon the jib. (The sides of the triangle are drawn parallel to- 
AB and CB.) 

(22) In the given figure BO represents the position of 
a pole and AO a tension guy. Show by con- 
struction the method of ascertaining the 
strains upon the pole and the guy, W being 
6 tons. 



© 




Fig. 22. 

The tension rod in this case is caUed a " guy," and is 
generally made of rope. The holdfast of the guy is a strong 
picket driven into the groimd, and the pole is supported by a, 
foot plate, placed upon timber at B. 

Draw the vertical line XY 6 units in length to represent 
"W. Draw YZ parallel to BC, the sheer leg, meeting a line 
drawn from X parallel to the guy AC. The length of XZ 
measured to the same scale" of units gives the tension on 
the guy AC, and YZ measured in units the thrust on the sheer 
leg. 
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<23) If a load of 2 tons acts on the ridge of a roof 
truss, to find the stresses on its members and 
to determine which are in compression and 
tension. 




Fig. 23, 

Draw ah 2 units in length to represent 2 tons. The roof is 
evenly loaded, the reactions are equal. Bisect ab in c ; be, ca 
represent the reactions BC and CA. Draw ce parallel to CE, 
he parallel to BE. bee is the triangle of forces for half the truss. 
be and ce measured from the same scale of units will give 
the magnitude of the stresses. The triangle acd in the same 
manner will give the other half the truss. Notice carefully 
the direction of the Hnes in the triangles of forces — be upwards 
.'. BE in compression; ec downwards .". CE in tension; and so 
on clockwise round the truss. 



<24) 



Equal weights WW, each 500 lbs., are sus- 
pended from the points a and 6 of the given 
roof truss. The truss is otherwise unloaded. 
Determine by construction and write down 
the stresses in the several bars. 



The weight distributed on each wall is 500 lbs. plus the 
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weight of the truss. From the question the weight of the truss 
need not be considered. The whole structure is kept in 




Fig. 24. 



equilibrium by four exterior forces : the reactions on the wall 
M and Q, and the weights Wj and Wg. 

These four exterior forces are balanced by the interior forces 




Fig. 25. 



of compression and tension, the amounts of which can be found 
graphically. 

If one force be known, and the lines of action of another two, 
and all these acting at a point in one plane, then the nature 
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and amounts of these forces may be found by the triangle of 
forces. 

Therefore, draw a vertical line AS, to represent the vertical 
thrust on the wall, — in this case 50G units. A hne ST drawn 
from S parallel to the rafter X, meeting a Hne AT drawn at 
right angles to AS, measured in units, is the oblique thrust upon 
the rafter X. A line drawn from T parallel to the tie-rod Y, 
meeting the horizontal line drawn through S, measured in units, 
represents the oblique tension on the tie-rod Y. Complete the 
parallelogram ZTAS. SZ, measured in units, represents the 
horizontal tension on the parts a S,bS' of the tie-beam SS'. 

(25) To find the centre of gravity of a triangle 

ABO. 

Eisect AC in E, join BE ; the centre of gravity lies in the 
line BE. Bisect EC in D, join AD ; the centre of gravity lies 
in the line AD. The lines AD, BE intersect in G, the centre 
of gravity of the triangle. EG measures one third of BE, DG 
one third of AD. 

(26) To find the centre of gravity of any quad- 

rilateral ABOD. 

Draw the diagonal BD, and by the last problem find the 
centres of gravity 1 and 2 of the triangles ABD and BCD. 
Joia 1 and 2 ; the centre of gravity of the quadrilateral lies in 
this Une. Draw the diagonal AC, and find the centres of 
gravity 3 and 4 of the triangles ABC and ACD ; join points 3 
and 4. The hnes 1, 2 and 3, 4 intersect in point G, the centre' 
of gravity required. 

Note. — The centre of gravity of a uniform straight line is its 
middle point. 

(27) To find the centre of gravity of a broken line 

AB, BO, OD, DB. 

The weight of the different parts AB, BC, &c., act through 
the middle points of the lines and in proportion to their 
lengths. Draw the polygon of forces and take any pole o. ae 



GRAPHIC STATICS. 



223 



is the direction and half the magnitude of the resultant. 
Draw the funicular polygon 1, 2, 3, 4, 5, point 5 being on the 
line of action of the resultant. Draw 5G parallel to ae. By 
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placing the polygon of forces in another position, say at right 
angles to the first, we may obtain a second funicular polygon. 
This polygon is not shown in the figure, to save confusion; 
but the direction is shown, which passes through the point of 
action of the second funicular polygon. The resultants 
intersect in G, the centre of gravity. 

(28) To find the centre of gravity of a broken line 

AB, BO, CD, the lines forming a part 6f a 
regular polygon. 

If AD be joined and bisected by EF at right angles, EF is 
an axis of symmetry, and will contain G, the centre of gravity. 
Proceed as in the last problem. Only one funicular polygon 
will be required. 

(29) To find the centre of gravity of an arc ABO. 

If AC be joined and bisfected by OB at right angles, OB 
is an axis of symmetry, and will contain the centre of gravity. 
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Draw a tangent BD at B, equal in length to the arc AB. Draw 
a line from D to the centre of the arc. Draw a line through 




A parallel to OB, meeting DO in point E. A line from E 
drawn parallel to AC meets OB in point G, the centre of, 
gravity. 

(30) To find the centre of gravity of a sector AOO. 

If we consider the sector AOO (see last problem) consisting 
of a number of triangles, the line AO may .he considered as one, 
— its centre of gravity being F, f of AO, measured from 0. 
An arc described with as centre, and radius OF, contains 
all the centres of gravity of all the triangles in the sector. The 
centre of gravity G of this arc is the centre of gravity of the 
sector AOC. 



(31) Determine by construction the different stresses 
in the given roof truss, the total load on the 
truss being assumed as 18,000 lbs. 

The load may be considered as concentrated at a, e, and b. 

It is best to work from the reaction of the support— which is 
equal to the weight upon it, and is half the vertical loads act- 
ing at c, b, c', or 9000 lbs. 

To find the strain on the lower part of the principal rafter 
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and tie-rod. From a draw a vertical line, and from any scale 
of units set off ah equal to the reaction of the support — viz. 
9000 Ihs. Draw hi parallel to ac, meeting ae in i ; then hi 
represents the thrust in ac, and ai the tensile strain in ae, 
measured from the same scale of units. 

To find the strains in members round point c. Draw a 
vertical line and mark off i'i' equal to the load carried at c (6000 
lbs.) Draw h'i' parallel to ae and equal to ai. Draw b'f 



6000 Ihs 




Fig. 28. 



parallel to he and /'A' parallel to ee. Then Vi! equals thrust in 
ac, i'U equals 6000 lbs., b'f equals thrust in he, and h'f equals 
thrust in ec. 

To find the strains in the members round joint e. Draw h^a^ 
parallel to ea and equal to ai ; draw ajA parallel to ec and 
equal to fh'. These are the known strains. Then draw fjc^ 
parallel to eh and kj}^ parallel to ee ; fjf^ '^^iU be the tension 
in the bar eh and It^^ the tension in ee. 



(32) Find by construction the thrusts on the rafters 
and struts, also the. strains on the tie-rod 
and the King and Queen rods of the given 
truss. 



Ik is the King rod, e/ is a Queen rod ; af and ek are struts ; 

P 
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ae is a bay formed by the intersection of the stmts and rafters. 
There are six bays in the diagram. 



Total load on Trviss 
Number of Bays 



= W, the load carried by each bay. 



To find the thrnst in ma and tension in mf. Draw CA 
parallel to reaction at m, and equal to it from any scale 
of units. Draw AB parallel to am and BC parallel to mf. 
Then AB equals the thrust in am, and BC the tensile strain 
in mf. 

To find the strains in members round the joint at a. We 
know the thrust in am and the load a. Draw these known 




forces DE parallel to ma and equal to BA, also EF equals the 
load at a acting vertically. Draw lines parallel to ea and af, as 
FGr and GD. These give the thrusts in ea and af. 

To find the strains in members round joint /. The strains in 
fm and fa are known. Draw these as HI equals BC and H J 
equals DG. Then draw JK parallel to fe to meet HI in K. 
Then JK equals strain in fe and KI strain in fit. 

In the same way we deal with the other joints. We know 
from the preceding diagrams all the forces acting at the joints 
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except two. These can easily be found as their directions are 
known. 

To illustrate this, take the members round the joint at e. 
We know the strain in fe, in ae, and the load acting downwards 
at e. We require the strains in el and ek. Form a portion of 
a polygon with the known forces taken in order round the joint, 
then the closing lines of the polygon (jDarallel to the other 
members el and eJt) will be the strains in those members. 
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EXAMPLES. 



(1) What is Graphic Arithmetic? 

(2) Divide the circumference of a circle, by means of the 
compasses only, into five equal parts. 

(3) If a line AB 3"4" long represents 17, what does a line 
CD 2" long represent ? State the unit. 

(4) Find the product of lines A x B x C x'D x E. A = 1", 
B-l", C = 14", D = 2", E = J". 

(5) Two lines AB = 2^" and CD = If". Divide AB by CD, 
and write down the length of the quotient. 

AB 

(6) ^ X EE. AB = 3", CD = If", EE = If. 

(7) Obtain the value of -f + ^ + -^ + Jg-. 

(8) Obtain the value of J + 1 + li ■)- ^. 

(9) Determine the roots ^3, ^4, ^7, ^9, the unit being 1". 

(10) Determine the roots ^^5, ^6, ^8, with the pencil com- 
passes only, the unit being 1". 

(11) If a hne represents 11, find the square root by con- 
struction. 

(12) If XY represents 9, find the square root of XY by con- 
struction. 

(13) Find by construction the quantities -^. ^, the unit 
being ^ . 

(14) Deter mine by cons truction the line — 

af= V«^ X &2 - c2. a = 2|", h = 1^", c = 2". 
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3a 

(15) Find by construction x = /==, a being 2" in length. 

2a 

(16) Find by construction x = -^, a being 2" in length. 

(17) Obtain by construction tlie following lines, the unit be- 
ing -5" :— 

(18) Draw a triangle having sides 3", 2", 2f". Determine a 
line representing the area of the triangle! 

(19) Find the angle between two lines whose equations ure 
•»-2/=l, y=x;-2. 

(20) Find a point 2-3, and from the point draw a line to 
meet x + y-3 = 0, the angle between the lines being 30°. 

(21) If a line 1" in length represents ^1^, what is the unit? 

(22) Find the angle between the lines x + y-0, and x, -y = 'J. 

(23) Find the angle between the lines x + yj2 = i^ and 
x-y ^2 = 0. 

(24) Determine the lines y + x='2. y + x= - 2. // + x=l. 
y + x= -3. 

(25) What is meant by the moment of a force about a point ? 

(26) Three forces acting at a point are in equilibrium ; two 
of the forces are 7 lbs. and 5 lbs. respectively, and the angle 
between these forces is a right angle ; find the other force ? 

(27) Two parallel forces of 7 and 10 lbs. act at a distance of 
1 foot. Find the resultant, (a) when the forces are in the same 
direction ; (6) when they act in different directions. 

(28) If equal parallel forces aU in the same direction act at 
four of the angular points of a regular pentagon, find a single 
equivalent force to them. 

(29) Find the centre of gravity of a rhomboid, 3" x 1^", and 
included angle 60°. 

(30) Four forces act away from a point of 12, 9, 17 and 10 
units respectively. Find the force that will produce equiHbrium. 
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(31) Four equal weightless rods are hinged together to form 
a rhombus ABCD, and the hinges A and C are connected hy a 
string. If the rhombus be suspended from A, and equal weights 
of 1 cwt. each be suspended from B and D, find the tension 
on the string. 

(32) The sides of a triangle are 2", 3" and 4". Find the area 
in square inches. 

(33) A uniform beam AB, weight 100 lbs., is supported by 
two strings AC, ED, the latter being vertical. It is maintained 
in this position by a horizontal force P applied at B. Find 
the value of P in lbs. 

(34) Find the centre of gravity of an arc of a circle. 

(35) If four forces in one plane be in equilibrium, and the 
lines of action of all be given, but' the magnitude of only one, 
sJiow how the magnitudes of the other three may generally be 
determined. 

(36) Find the centre of gravity of a quadrilateral figure 
which has two sides parallel. 

(37) Enunciate the Polygon of Forces. 

(38) Find the centre of gravity of a broken line ABODE. 

(39) Determine the Une of action, and write down the magni- 
tude of the resultant of five given parallel forces acting in one 
plane. 

(40) A line 3" long represents the sum of the areas of a 
pentagon, square, and equilateral triangle of 1" side. Deter- 
mine the length of the unit. 
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GREEK AND LATIN CLASSICS. 



ANNOTATED AND CRITICAL EDITIONS. 

lassici 
vo, Ss 
[Bib. Class. 



AESCHYLUS. Edited by F. A. paley. m.a., ll.d., late Classical Exa- 
miner to the University of London, ^th edition, revised. 8vo, is. 



— Edited by F. A. PALEY, M.A., ll.d., 6 vols. fcap. 8vo, is. 6d. 

_ \Camb. Texts with Notes. 

Agamemnon. 



Choephoroe. 

Eumenides. 



Persae. 

Prometheus Vinctus. 
Septem contra Thebas. 



ARISTOPHANIS Comoediae quae supersnnt cum perditarum fragmentis 
tertiis curis, recognovit additis adnotatione critica, summariis, descriptione 
metrica, onomastico lexico hubertus a. holden, ll.d. [late Fellow of 
Trinity College, Cambridge]. Demy 8vo. 

Vol. I., containing the Text expurgated, with Summaries and Critical 
Notes, i8j. 

The Plays sold separately ; 

Acharnenses, 2s. Aves 2s. 

Equites, is. 6d. Lysistrata, et Thesmophoriazu- 

Nubes, 2s. sae, 4^. 

Vespae, 2s. Ranae, 2s. 

Pax, 2s. Plutus, 2s. 

Vol. II. Onomasticon Aristophaneum continens indicem geographi- 
cum et historicum ^s. 6d. 

— The Peace. A revised Text with English Notes" and a Preface. By 

F. A. PALEY, M.A.. LL.D. Post 8vo, 4J. 6d. [Pub. Sch. Ser. 

— The Acharnians. A revised Text with English Notes and a Preface. 

By F. A. PALEY, M.A., LL.D. Post 8vo, +!-. 6d. [Pub. Sch. Ser. 

— The Frogs. A revised Text with English Notes and a Preface. By F. A. 

PALEY, M.A., LL.D. Post 8vo, 4^-. 6d. [Pub. Sch. Ser. 

CAESAR De Bello Gallico. Edited by George long, m.a. New edition. 
Fcap. 8vo, 4J. 

Or in parts. Books I. -III., is. 6d. ; Books IV. and V., i^. 6d. ; Books 
VI. and VII., is. 6d. ' [Gram- Sch. Class. 

— De Bello Gallico. Book I. Edited by george long, m.a. With 

Vocabulary by w. F. R. shilleto, m.a. is. 6d. [Lower Form Ser. 

— De Bello Gallico. Book II. Edited by George long, m.a. With 

Vocabulary by w. F. R. shilleto, m.a. Fcap. 8vo, i.f. 6d. 

[Lower Form Ser. 

— De Bello Gallico. Book III. Edited by george long, m.a. With 

Vocabulary by ^y. F. R. SHILLETO, m.a. Fcap. 8vo. is. 6d. 

[Lower Form Ser. 

— Seventh Campaign in Gaul. B.C. 52. De Bello Gallico, Lib. VII. 

Edited with Notes, Excursus, and Table of Idioms, by rev. w. cook- 
WORTHY compton, M.A., Head Master of Dover College. With 
Illustrations from Sketches by e. t. compton, Maps and Plans. 2nd 
edition. Crown Svo, 2s, 6d. net. 

" A really admirable class book." — Spectator. 

" One of the most original and interesting books which have been 
f)ublished in late years as aids to the study of classical literature. I think 
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CAESAR— amiinued. 

if gives the student a new idea of the way in which a classical book may 
be made a living reality." — /iev. J. E. C. Welldon, Harrow. 

— Easy Selections from the Helvetian War. Edited by A. M. M. sted- 

MAN, M.A. With Introduction, Notes and Vocabulary. i8mo. \s. 

{Primary Classics. 

CALPURNIUS SICULUS and M. AURELIUS OLYMPIUS 

NEMESIANUS. The Eclogues, with Introduction, Commentary, 

and Appendix. By c. H. keene, m. a. Crown 8vo, 6j-. 

CATULLUS, TIBULLUS, and PROPERTIUS. Selected Poems. 

Edited by the REV. A. H. wratislaw, late Head Master of Bury St. 

Edmunds School, and F. N. sutton, b.a. With Biographical Notices of 

the Poets. Fcap. 8vo, 2s, 6d. \_Gram. Sch. Class. 

CICERO'S Orations. Edited by G. long, m.a. 8vo. {Bib. Class. 

Vcl. I.— In Verrem. 8i-. 

Vol. II.— Pro P. Quintio— Pro Sex. Roscio— Pro. Q. Roscio— Pro M. 
TuUio — Pro M. Fonteio — Pro A. Caecina — -De Imperio Cn. Pompeii — 
Pro A. Cluentio — De Lege Agraria — Pro C. Rabirio. %s. 
Vols. III. and IV. Out of print. 

— De Senectute, De Amicitia, and Select Epistles. Edited by george 

LONG, M.A. New edition. Fcap. 8vo, ■p. [Gram. Sch. Class. 

— De Amicitia. Edited by george long, m.a. Fcap. 8vo, is. 6d. 

[Camd, Texts with Notes. 

— De Senectute. Edited by george long, m.a. Fcap. 8vo, is. (td. 

\Camb. Texts with Notes. 

— Epistolae Selectae. Edited by george long, m.a. Fcap. 8vo, is. 6d. 

[Camb. Texts with Notes. 

— The Letters to Atticus. Book I. With Notes, and an Essay on the 

Character of the Writer. By a. pretor, m.a., late of Trinity College, 
Fellow of St. Catherine's College, Cambridge. 3n/ edition. Post 8vo, 
4^. 6d. [Pub. Sch. Ser. 

CORNELIUS NEPOS. Edited by the late rev. j. f. macmichael, 
Head Master of the Grammar School, Ripon. Fcap. 8vo, 2s. 

[Gram. Sch. Class. 

DEMOSTHENES. Edited by R. whiston, m.a., late Head Master of 

Rochester Grammar School. 2 vols. 8vo, 8s. each. [Bib. Class. 

Vol. I. — Olynthiacs — Philippics — De Pace — Halonnesus — Chersonese 

— Letter of Philip — Duties of the State — Symmoriae — Rhodians — Mega- 

lopolitans — Treaty with Alexander — Crown. 

Vol. II. — Embassy — ^Leptines — Meidias — Androtion— Aristocrates— 
Timocrates — Aristogeiton. 

— De Falsa Legatione. By the late R. shilleto, m.a.. Fellow of St. 

Peter's College, Cambridge. Jth edition. Post 8vo, 6j. [P«*. Sch. Ser. 

— The Oration against the Law of Leptines. With English Notes. 

By the late B. w. beatson, m.a.. Fellow of Pembroke College, yd 

edition. Post 8vo, 3^. ^d. [Pub. Sch. Ser. 

EURIPIDES. By r. a. paley, m.a., ll.d. 3 vols. 2nd edition, revised. 

8vo, &s. each. Vol. I. Out of print. [Bib. Class. 

Vol. II.— Preface— Ion— Helena— Andromache— Electra—Bacchae— 
Hecuba. 2 Indexes. 

Vol. III. — Preface — Hercules Furens— Phoenissae — Orestes — Iphi- 
genia in Tauris — Iphigenia in Aulide— Cyclops. 2 Indexes. 
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EURIPIDES. Electra. Edited, with Introduction and Notes, by c. H. 

KEENE, M.A., Dublin, Ex-Scholar and Gold Medallist in Classics. Demy 

8vo, \os. dd. 
— Edited by F. A. paley, m.a., ll.d. 13 vols. Fcap. 8vo, \s. dd. each. 

[Camb. Texts with Notes. 



Phoenissae. 
Troades. 
Hercules Furens. 
Andromache. 
Iphigenia in Tauris. 
Supplices. 



Alcestis. 
Medea. 
Hippolytus. 
Hecuba. 
Bacchae. 
Ion (2J.). 
Orestes. 

HERODOTUS. Edited by rev. j. wf. blakesley, b.d. 2 vols. 8vo, \2s. 

[Bib. Class. 

— Easy Selections from the Persian Wars. Edited by A. G. liddell, 

m.a. With Introduction, Notes, and Vocabulary. i8mo, is. 6d. 

[Primary Classics. 
HESIOD. Edited by F. A. paley, m.a., ll.d. 2nd edition, revised. 8vo, 5^. 

[Bib. Class. 
HOMER. Edited by F. A. paley, m.a., ll.d. 2 vpls. znd edition, 
revised. 14J. Vol. II. (Books 13-24) may be had separately, 6s. 

[Bib. Class. 

— Iliad. Books I.-XII. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo, 

4J. 6d. 

Also in 2 Parts. Books I. -VI. 2s. 6d. Books VII. -XII. zs.dd. 

[Gram. Sch. Class. 

— Iliad. Book I. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo, rs. 

[Camb. Text with Notes. 

HORACE. Edited by rev. a. j. macleANE, m.a. ^h edition, revised by 

GEORGE LONG. 8vo, %s. [Bib. Class. 

— Edited by A. /. macleane, m.a. With a short Life. Fcap. 8vo, y. dd. 

Or, Part I., Odes, Carmen Seculare, and Epodes, is.; Part II., Satires, 
Epistles, and Art of Poetry, 2J. [Gram. Sch. Class. 

— Odes. Book I. Edited by A. j. macleane, m.a. With a Vocabulary 

by A. H. DENNIS, M.A. Fcap. 8vo, \s. dd. [Lower Form Ser. 

JUVENAL : Sixteen Satires (expurgated). By Herman prior, m.a., 
late Scholar of Trinity College, Oxford. Fcap. 8vo, 3^-. dd. 

[Gram. Sch. Class. 

LIVY. The first five Books, with English Notes. By j. prendeville. 
A new edition revised throughout, and the notes in great part re-written, 
by J. H. FREESE, M.A., late Fellow of St. John's College, Cambridge. 
Books I. II. III. IV. V. With Maps and Introductions. Fcap. 8vo. 
IS. dd. each. 

— Book VI. Edited by E. s. weymouth, M.A., Lond., and G. F. Hamilton, 

B.A. With Historical Introduction, Life of Livy, Notes, Examination 
Questions, Dictionary of Proper Names, and Map. Crown 8vo, 2s. dd. 

— Book XXI. By the rev. l. d. dowdall, m.a., late Scholar and Uni- 

versity Student of Trinity College, Dublin, B.D., Ch. Ch. Oxon. Post 
8vo, y. dd. [Pub. Sch. Ser. 

— Book XXII. Edited by the REV. L. d. dowdall, m.a., b.d. Post 8vo, 

p. dd. [Pub. Sch. Ser. 
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IvIVy. Easy Selections from the Kings of Rome. Edited by A. M. M. 
STEDMAN, M.A. With Introduction, Notes, and Vocabulary. i8mo, 
IS. 6d. \_Primary Class. 

LUCAN. The Pharsalia. By c. E. haskins, m.a.. Fellow of St. John's 
College, Cambridge, with an Introduction by w. E. heitland, m.a., 
Fellow and Tutor of St. John's College, Cambridge. 5vo, 14J.' 

LUCRETIUS. Titi Lucreti Cari De Rerum Natura.Libri Sex. By 
the late H. A. J. MUNRO, M.A., Fellow of Trinity- College, Cambridge. 
4^A edition, finally revised. '3 vols, demy 8vo. Vols. I., II., Introduc- 
tion, Text, and Notes, \%s. Vol. III., Translation, ds. 

MARTIAL: Select Epigrams. Edited by r. A. paley, m.a., ll.d., 
and the late w. H. STONE, Scholar of Trinity College, Cambridge. With 
a Life of the Poet. Fcap. 8vo, 4^. dd. [Gram. Sch. Class. 

OVID: Fasti. Edited by F. A. paley, m.a., ll.d. Second edition. 

Fcap. 8vo, 3 J. 6rf. [Gram. Sch. Class. 

Or in 3 vols, \s. 6d. each [Grammar School Classics'], or 2s. each [Camb, 

Texts with Notes], Books I. and II., Books III. and IV., Books V. 

and VI. 

— Selections from the Amores, Tristia, Heroides, and Metamor- 

phoses. By A. J. macleane, m.a. Fcap. 8vo, is. 6d. 

[Camb. Texts with Notes. 

— Ars Amatoria et Amores. A School Edition. Carefully Revised and 

Edited, with some Literary Notes, by j. Herbert Williams, m.a., 
late Demy of Magdalen College, Oxford. Fcap. 8vo, y. 6d. 

— Heroides XIV. Edited, with Introductory Preface and English Notes, 

by ARTHUR PALMER, M.A., Professor of Latin at Trinity College, Dublin. 
Demy 8vo, 6s. 

— Metamorphoses, Book XIII. A School Edition. With Introduction 

and Notes, by Charles haines keene, m.a., Dublin, Ex-Scholar and 
Gold Medallist in Classics, yd edition. Fcap. 8vo, 2s. 6d. 

— Epistolarum ex Ponto Liber Primus. With Introduction and Notes, 

by CHARLES HAINES KEENE, M.A. Crown 8vO, 3^. 

PLATO. The Apology of Socrates and Crito. With Notes, critical 
and exegetical, by wilhelm wagner, ph.d. 12th edition. Post 8vo, 
■y. 6d. A Cheap Edition. Limp Cloth. 2s. 6d. [Pub. Sch. Ser. 

— Phaedo. With Notes, critical and exegetical, and an Analysis,- by 

wilhelm wagner, PH.D. gth edition. Post 8vo, t,s. 6d. [Pub. Sch. Ser. 

— Protagoras. The Greek Text revised, with an A nalysis and English 

Notes, by w. wayte, m.a.. Classical Examiner at Universily College, 
London. Jth edition. Post 8vo, ^r. 6d. [Pub. Sch. Ser. 

— Euthyphro. Wiih Notes and Introduction by G. H. wells, m.a.. 

Scholar of St. John's College, Oxford ; Assistant Master at Merchant 
Taylors' School, -^rd edition. Post 8vo, 3J. [Pub. Sch. Ser. 

— The Republic. Books I. and II. With Notes and Introduction by 

G. H. WELLS, M.A. /^th edition, with the Introduction re-written. Post 
8vo, Sj. [Pub, Sch. Ser. 

— Euthydemus. With Notes and Introduction by G. H. wells, m.a. 

Post 8vo, 4x. [p,ii,_ Sch. Ser. 

— Phaedrus. By the late w. H. Thompson, d.d., Master of Trinity College, 

Cambridge. 8vo, Sj-. [Bib. Cldss. 

— Gorgias. By the late w. H. THOMPSON, D.D., Master of Trinity College, 

Cambridge. New edition. 6s. [^p„^_ Sch. Ser, 
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PLAUTUS. Aulularia. With Notes, critical and exegetical, by w. 

WAGNER, PH.D. ^th edition. Post 8vo, 4J. 6a'. \Pub. Sch. Ser. 

,r- Trinummus. "With Notes, critical and exegetical, by wilhelm 

WAGNER, PH.D. t^th edition. Post 8vo, 4J. dd. {Pub. Sch. Ser. 

— Menaechmei. With Notes, critical and exegetical, by wilhelm 

WAGNER, PH.D. 2nd edition. Post 8vo, 4s. 6d. [Pub. Sch. Ser. 

— Mostellaria. By E. A. sonnenschein, m.a.. Professor of Classics at 

Mason College, Birmingham. Post 8vo, ^s. [Pub. Sch. Ser, 

— Captivi. Abridged and Edited for the Use of Schools. With Intro- 

duction and Notes by j. H. freese, m.a., formerly Fellow of St. John's 

College, Cambridge. Fcap. 8vo, is. 6d. 
PROPERTIUS. Sex. Aurelii Propertii Carmina. The Elegies of 

Propertius, with English Notes. By F. A. paley, m.a., ll.d. znd 

edition. 8vo, 5^. 
SALLUST : Catilina and Juguttha. Edited, with Notes, by the late 

GEORGE LONG. New edition, revised, with the addition of the Chief 

Fragments of the Plistories, by J. G. FRAZER, M.A., Fellow of Trinity 

College, Cambridge. Fcap. 8vo, 3^. 6d, or separately, 2s. each. 

[Gram. Sch. Class, 
SOPHOCLES. Edited by rev. f. h. blaydes, m.a. Vol. I, Oedipus 

Tyrannus — Oedipus Coloneus — Antigone. 8vo, 8/. [Bib. Class, 

Vol. II. Philoctetes — Electra— Trachiniae — Ajax. By F. A. PALEY, 

M.A., LL.D. 8vo, 6s., or the four Plays separately in limp cloth, 2s. 6d. 

each. 

— Trachiniae. With Notes and Prolegomena. By Alfred pretor, m.a.. 

Fellow of St. Catherine's College, Cambridge. Post 8vo, 4^-. 6d. 

[Pub. Sch. Ser. 

— The Oedipus Tyrannus of Sophocles. By b. h. Kennedy, d.d., 

Regius Professor of Greek and Hon. Fellow of St. John's College, Cam- 
bridge. With a Commentary containing a large number of Notes selected 
from ihe MS. of the late T. H. steel, m.a. Crown 8vo, 8j-. 
^ A School Edition, post Svo, $s. [Pub. Sch. Ser. 

— Edited by F. A. paley, m.a., ll.d. 5 vols. Fcap. 8vo, is. 6d. each. 

[Camb. Texts with Notes. 
Oedipus Tyrannus. Electra. 

Oedipus Coloneus. Ajax. ' 

Antigone. 
TACITUS : Germania and Agricola. Edited by the late rev. p. frost, 
late Fellow of St. John's College, Cambridge. Fcap. Svo, 2s. 6d. 

[Gram. Sch. Class. 

— The Germania. Edited, with Introduction and Notes, by R. F. davis, 

M.A. Fcap. Svo, IS. 6d. 
TERENCE. With Notes, critical and explanatory, by wilhelm wagner, 
ph. d. yd edition. Post Svo, Is. 6d. [Pub. Sch. Ser. 

— Edited by wilhelm WAGNER, PH.D. 4 vols. Fcap. Svo, IJ. 6d. each. 

[Camb. Texts with Notes. 
Andria. I Hautontimorumenos. 

Adelphi. | Phormio. 

THEOCRITUS. With short, critical and explanatory Latin Notes, by 
F. A. PALEY, M.A., ll.d. 2nd edition, revised. Post Svo, 4J. 6d. 

[Pub. Sch. Ser, 
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THUCYDIDES, Book VI. By T. w. dougan, m.a., Fellow of St. John's 
College, Cambridge ; Professor of Latin in Queen's College, Belfast. 
Edited with English notes. Post 8vo, 3J. 6d. [Pub. Sch. Ser. 

— The History of the PeloponnesiaTi War. With Notes and a careful 

Collation of the two Cambridge Manuscripts, and of the Aldine and 
Juntine Editions. By the late RICHARD SHILLETO, M.A., Fellow of 
St. Peter's College, Cambridge. 8vo. Book I. 6s. 6d. Book II. 5^. 6d. 
VIRGIL. By the late professor conington, m.a. Revised by the late 
PROFESSOR NETTLESHIP, Corpus Professor of Latin at Oxford. 8vo. 

[Bill. Class. 
Vol. I. The Bucolics and Georgics, with new Memoir and three Essays 
on Virgil's Commentators, Text, and Critics, ^tk edition. 10s. 6d. 
Vol. II. The Aeneid, Books I. -VI. /^th edition. \os. dd. 
Vol. in. The Aeneid, Books VIL -XII. yd edition, los.dd. 

— Abridged from PROFESSOR conington's Edition, by the rev. j. g. shep- 

PARD, D.C.L., H. NETTLESHIP, late Corpus Professor of Latin at the 
University of Oxford, and W. WAGNER, I'H.D. 2 vols. fcap. 8vo, 
4J. (sd. each. [Gram. Sch. Class. 

Vol. I. Bucolics, Georgics, and Aeneid, Books I. -IV. 
Vol. II. Aeneid, Books V.-XII. 
Also the Bucolics and Georgics, in one vol. $s. 
Or in 9 separate volumes {.Grammar School Classics, with Notes at foot of page), 
price IS. 6d. each. 



Bucolics. 
Georgics, I. and II. 
Georgics, III. and IV. 
Aeneid, I. and II. 
Aeneid, III. and IV. 



Aeneid, V. and VI. 
Aeneid, VII. and VIIL 
Aeneid,' IX. and X. 
Aeneid, XL and XIL 



Or in 12 separate volumes {Cambridge Texts with Notes at end), price 

IS. 6d. each. 
Bucolics. Aeneid, VII. 



Georgics, I. and II. 
Georgics, III. and IV. 
Aeneid, I. and II. 
Aeneid, III. and IV. 
Aeneid, V. and VI. (price 2s.) 



Aeneid, VIIL 
Aeneid, IX. 
Aeneid, X. 
Aeneid, XL 
Aeneid, XIL 



Aeneid, Book I. conington's Edition abridged. With Vocabulary 
by w F. R. SHILLETO, M.A. Fcap. 8vo, IS. 6d. [Lower Form Ser. 

XENOPHON : Anabasis. With Life, Itineraiy, Index, and three Maps. 
Edited by the late j. F. macmichael. Revised edition. Fcap. Svo, 
y- 6^- . [Gram. Sch. Class. 

Or m 4 separate volumes, price is. 6d. each. 
Book I. (with Life, Introduction, Itinerary, and three Maps)— Books 
II. and III.— Books IV. and V.— Books VI. and VII. 
— Anabasis, macmichael's Edition, revised by j. e. melhuish, m.a., 
Assistant Master of St. Paul's School. In 6 volumes, fcap. Svo. With 
Life, Itinerary, and Map to each volume, \s. 6d. each. 
_ , _ ^ , [Cam 6. Texts with Notes. 

Book L— Books IL and III.— Book IV.— Book V.— Book VI — 
Book VII. 
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XENOPHON. Cyropaedia. Edited by G. M. gorham, m.A., late Fellow 
of Trinity College, Cambridge. New edition. Fcap. 8vo, 3^. dd. 

\_Gram. Sch. Class. 
Also Books I. and II., is. 6d. ; Books V. and VI., is. 6d. 

— Memorabilia. Edited by percival frost, m.A., late Fellow of St. 

John's College, Cambridge. Fcap. 8vo, 3j. [Gram. Sch. Class. 

. — Hellenica. Book I. Edited by L. D. dowdall, m.a., b.d. Fcap. 8vo, 

2s. [Camb. Texts with Notes. 

— Hellenica. Book II. By L. D. doViTdall, m.a., b.d. Fcap. 8vo, 2s. 

[Camb. Texts with Notes, 



TEXTS. 

AESCHYLUS. Ex novissima recensione f. a. paley, a.m., ll.d. Fcap. 
8vo, 2s. [Camb. Texts. 

CAESAR De Bello Gallico. Recognovit G. long, a.m. Fcap. 8vo, 
IS. 6d. [Camb. Texts. 

CATULLUS. A New Text, with Critical Notes and an Introduction, by 
J. p. POSTGATE, M.A., LITT.D., Fellow of Trinity College, Cambridge, 
Professor of Comparative Philology at the University of London. Wide 
fcap. 8vo, 3i. 

CICERO De Senectute et de Amicitia, et Epistolae Selectae. Recen- 
suit G. LONG, A.M. Fcap. 8vo, IS. 6d. [Camb. Texts. 

CICERONIS Orationes in Verrem. Ex recensione G. long, a.m. 
Fcap. 8vo, 2s. 6d. [Camb. Texts. 

CORPUS POETARUM LATINORUM, a se aliisque denno recogni- 
torum et brevi lectionum varietate instructorum, edidit JOHANNES perci- 
VALPOSTGATE. Tom. I. — Ennius, Lucretius, Catullus, Horatius, Vergilius, 
Tibullus, Propertius, Ovidius. Large post 4to, 21s. net. Also in 2 Parts, 
sewed, 9J-. each, net. 

^*:i^ To be completed in 4 parts, making 2 volumes. 

CORPUS POETARUM LATINORUM. Edited by walker. Con- 
taining : — Catullus, Lucretius, Virgilius, Tibullus, Propertius, Ovidius, 
Horatius, Phaedrus, Lucanus, Persius, Juvenalis, Martialis, Sulpicia, 
Statius, Silius Italicus, Valerius Flaccus, Calpurnius Siculus, Ausonius, 
and Claudianus. I vol. 8vo, cloth, 18^. 

EURIPIDES. Ex recensione F. A. paley, a.m., ll.d. 3 vols. Fcap. 
8vo, 2J. each. [Catnb. Texts. 

Vol. I. — Rhesus — Medea — Hippolytus — Alcestis — Heraclidae — Sup- 
plices — Troades. 
Vol. II. — Ion — Helena — Andromache — Electra— Bacchae — Hecuba. 
Vol. III. — Hercules Furens — Phoenissae — Orestes — Iphigeniain Tauris 
— Iphigenia in Aulide — Cyclops. 

HERODOTUS. Recensuit j. a. blakesley, s.t.b. 2 vols. Fcap. 8vo, 
2s. 6d. each. [Camb. Texts. 

HOMERI ILIAS I. -XII. Ex novissima recensione F. A. paley, a.m., 
ll.d. Fcap. 8vo, IS. 6d. [Camb. Texts. 

HORATIUS. Ex recensione A. J. MACLEANE. A.M. Fcap. 8vo, i.f. 6rf. 

[Camb. Texts. 

JUVENAL ET PERSIUS. Ex recensione A. J. macleane, a.m. 

Fcap. 8vo, IS. 6d. ' [Camb. Texts. 
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LUCRETIUS. Recognovit H. A. J. MUNRO, A.M. Fcap. 8vo, 2J. 

[Cam6. Texts, 
PROPERTIUS. Sex. Propertii Elegiarum Libri IV. recensuit A. 

PALMER, coUegii sacrosanctae et individuae Trinitatis juxta Diiblinum 

Socius. Fcap. 8vo, 3^-. 6ti. 
SALLUSTI CRISPI CATILINA ET JUGURTHA, Recognovit 

G. LONG, A.M. Fcap. 8vo, IS. 6d. {Camb. Texts. 

SOPHOCLES. Ex recensione F. A. paley, a.m., ll.d. Fcap. 8vo, 2s. 6£ 

[Camb. Texts. 
TERENTI COMOEDIAE. GUL. wagner relegit et emendavit. Fcap. 

8vo, 2s. [Camb. Texts. 

THUCYDIDES. Recensuit j. G. Donaldson, s.t.p. 2 vols. Fcap. 

8vo, 2s. each. ICamb. Texts. 

VERGILIUS. Ex recensione J. CONINGTON, a.m. Fcap. 8vo, 2j. 

[Camb. Texts. 
XENOPHONTIS EXPEDITIO CYRI. Recensuit r f. macmichael. 

A.B. Fcap. 8vo, ij. 6(/. [Camb. Texts, 



TRANSLATIONS. 

AESCHYLUS, The Tragedies of. Translated into English Prose. By 
F. A. paley, M.A., LL.D., Editor of the Greek Text. 2nd edition 
revised, 8vo, Ts. 6d. 

— The Tragedies of. Translated into English verse by anna swanwick. 

4rt edition revised. Small post 8vo, Jj. 

— The Tragedies of. Literally translated into Prose, by T. A. BUCKLEY, B.A. 

Small post 8vo, 3J. 6d. 

— The Tragedies of. Translated by Walter head lam, m.a.. Fellow of 

King's College, Cambridge. [Preparing. 

ANTONINUS (M. Aurelius), The Thoughts of. Translated by 
GEORGE LONG, M.A. Revised edition. Small post 8vo, sj'. 6(^. 
Fine paper edition on handmade paper. Pott 8vo, 6j. 

APOLLONIUS RHODIUS. The Argonautica. Translated by E. P. 
COLERIDGE. Small post 8vo, 5J-. 

AMMIANUS MARCELLINUS. History of Rome during the 
Reigns of Constantius, Julian, Jovianus, Valentinian, and Valens. Trans- 
lated by PROF. c. D. YONGE, M.A. With a complete Index. Small post 
8vo, 7j. (>d. 

ARISTOPHANES, The Comedies of. Literally translated by w. j. 
HICKIE. With Portrait. 2 vols, small post 8vo, 5^. each. 
Vol. I. — Acharnians, Knights, Clouds, Wasps, Peace, and Birds. 
Vol. II. — Lysistrata, Thesmophoriazusae, Frogs, Ecclesiazusae, and 
Plutus. 

— The Acharnians. Translated by w. H. covington, b.a. With Memoir 

and Introduction. Crown 8vo; sewed, is. 
ARISTOTLE on the Athenian Constitution. Translated, with Notes 
and Introduction, by F. G. kenyon, m.a., Fellow of Magdalen College, 
Oxford. Pott _8vo, printed on handmade paper. 2nd edition. i,s. M. 

— History of Animals, Translated by RiciiARp cresswell, M.A, Small 

post Svo, JJ, 
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ARISTOTLE. Organon : or, Logical Treatises, and the Introduction of 
Porphyry. With Notes, Analysis, Introduction, and Index, by the rev. 
o. F. OWEN, M.A. 2 vols. Small post 8vo, 3J. (sd. each. 

— Rhetoric and Poetics. Literally Translated, with Hobbes' Analysis, 

&c., by T. BUCKLEY, B.A. Small post 8vo, <,s. 

— Nicomachean Ethics. Literally Translated, with Notes, an Analytical 

Introduction, &c., by the Venerable archdeacon BROWNE, late Classical 
Professor of King's College. Small post 8vo, 5^. 

— Politics and Economics. Translated, with Notes, Analyses, and 

Index, by E. walford, ^f.A., and an Introductory Essay and a Life by 
DR. GILLIES. Small post 8vo, SJ. 

— Metaphysics. Literally Translated, with Notes, Analysis, &c., by the 

REV. JOHN H. m'mahon, M.A. Small post 8vo, <,s. 

ARRIAN. Anabasis of Alexander, together with the Indica. Trans- 
lated by E. J. CHINNOCK, M.A., LL.D. With Introduction, Notes, Maps, 
and Plans. Small post 8vo, 5^. 

CAESAR. Commentaries on the Gallic and Civil Wars, with the Supple- 
mentary Books attributed to Hirtius, including the complete Alexandrian, 
African, and Spanish Wars. Translated by w. A. m'devitte, b.a. 
Small post 8vo, '^s. 

— Gallic War. Translated by w. A. m'devitte, b.a. 2 vols., with Memoir 

and Map. Crown 8vo, sewed. Books I. to IV., Books V. to VII., 

■ \s. each. 
CALPURNIUS SICULUS, The Eclogues of. The Latin Text, with- 

English Translation by E. J. L. SCO IT, M.A. Crown 8vo, 3J. (>d. 
CATULLUS, TIBULLUS, and the Vigil of Venus. Prose Translation. 

Small post 8vo, <,s. 
CICERO, The Orations of. Translated by prof. c. d. yonge, m.a. 

With Index. 4 vols, small post 8vo, 5j. each. 

— On Oratory and Orators. With Letters to Quintus and Brutus. Trans- 

lated by the REV. j. s. watson, m.a. Small post 8vo, 5^. 

— On the Nature of the Gods. Divination, Fate, Laws, a Republic, 

Consulship. Translated by prof. c. d yonge, m.a., and francis 
barham. Small post 8vo, 5^. 

— Academics, De Finibus, and Tusculan Questions. By prof. c. d. 

yonge, m.a. Small post 8vo, i,s. 

— Offices ; or. Moral Duties. Cato Major, an Essay on Old Age ; Laelius, 

an Essay on Friendship ; Scipio's Dream ; Paradoxes ; Letter to Quintus 
on Magistrates. Translated by c. R. edmonds. With Portrait, y. dd. 

— Old Age and Friendship. Translated, with Memoir and Notes, by 

g. h. wells, m.a. Crown 8vo, sewed, is. 
DEMOSTHENES, The Orations of. Translated, with Notes, Arguments, 
a Chronological Abstract, Appendices, and Index, by c. rann Kennedy. 
S vols, small post 8vo. 

Vol. I.— The Olynthiacs, Philippics. 3^. 6d. 

Vol. II. — On the Crown and on the Embassy. 5^. 

Vol. III.— Against Leptines, Midias, Androtion, and Aristocrates. S-^- 

Vols. IV. and V. — Private and Miscellaneous Orations. 5^. each, 

— On the Crown. Translated by c. rann Kennedy. Small post 8vo, 

sewed, is., cloth, is 6d. 
DIOGENES LAERTIUS. Translated by PROF, C. D. YONGE, M.A, 
Small post 8vo, 5^. 
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EPICTETUS, The Discourses of. With the Encheiridion and 

Fragments. Translated by GEORGE LONG, M.A. Small post 8vo, ^s. 
Fine Paper Edition, 2 vols. Pott 8vo, los. 6d. 
EURIPIDES. A Prose Translation, from the Text of Paley. By 

E. P. COLERIDGE, B.A. 2 vols., ^S. each. 

Vol. I. — Rhesus, Medea, Hippolytus, Alcestis, Heraclidse, Supplices, 
Troades, Ion, Helena. 

Vol. II. — Andromache, Electra, Bacchae, Hecuba, Hercules Furens, 
Phoenissae, Orestes, Iphigenia in Tauris, Iphigenia in Aulis, Cyclops. 

„*^ The plays separately (except Rhesus, Helena, Electra, Iphigenia in 
Aulis, and Cyclops). Crown 8vo, sewed, i.r. each. 

— Translated from the Text ofDindorf. By T. A. BUCKLEY, B.A. 2 vols. 

small post 8vo, 5^. each. 
GREEK ANTHOLOGY. Translated by george surges, m.a. Small 

post 8vo, 5-f. 
HERODOTUS. Translated by the REV. henry GARY, m.a. Small post 

8vo, y. 6(f. 

— Analysis and Summary of. By j. T. wheeler. Small post 8vo, Jj. 
HESIOD, CALLIMACHUS, and THEOGNIS. Translated by the 

REV. J. BANKS, M.A. Small post 8vo, 5^. 
HOMER. The Iliad. Translated by T. A. Buckley, b.a. Small post 
8vo, is. 

— The Odyssey, Hymns, Epigrams, and Battle of the Frogs and 

Mice. Translated by t. a. euckley, b.a. Small post 8vo, 5j. 

— ■ The Iliad. Books I. -IV. Translated into English Hexameter Verse, 
by henry smith Wright, b.a., late Scholar of Trinity College, Cam- 
bridge. Medium 8vo, 5^. 

HORACE. Translated by Smart. Revised edition. By T. A. BUCKLEY, 
B.A. Small post 8vo, 3j. dd. 

— The Odes and Carmen Saeculare. Translated into English Verse by 

the late JOHN conington, m.a.. Corpus Professor of Latin in the 
University of Oxford, wth edition. Fcap. 8vo. ■^. dd. 

— The Satires and Epistles. Translated into English Verse by prof. 

JOHN conington, M.A. ?,th edition. Fcap. 8vo, y. td. 

— Odes and Epodes. Translated by sir Stephen e. de vere, bart. 

yd edition, enlarged. Imperial i6mo. Ts. 6d. net. 
I SOCRATES, The Orations of. Translated by j. H. freese, m.a., late 

Fellow of St. John's College, Cambridge, with Introductions and Notes. 

Vol. I. Small post 8vo, is. 
JUSTIN, CORNELIUS NEPOS, and EUTROPIUS. Translated 

by the rev. j. s. watson, m.a. Small post 8vo, 5^. 
JUVENAL, PERSIUS, SULPICIA, and LUCILIUS. Translated 

by L. EVANS, M.A. Small post 8vo, 5^. 
LIVY. The History of Rome. Translated by dr. spillan, c. Edmonds, 

and others. 4 vols, small post 8vo, 5^-. each. 

— Books I., II., III., IV. A Revised Translation by j. H. freese, m.a., 

late Fellow of St. John's College, Cambridge. With Memoir, and Maps. 
4 vols., crown 8vo, sewed, is. each. 

— Book V. A Revised Translation by E. s. Weymouth, m.a., Lond. With 

Memoir, and Maps. Crown 8vo, sewed, is. 

— Book IX. Translated by FRANCIS STORR, B.A. With Memoir. Crown 

8vo, sewed, is 
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LUCAN. The Pharsalia. Translated into Prose by H. T. RILEY. Small 
post 8vo, S^. 

— The Pharsalia. Book I. Translated by Frederick conway, m.a. 

With Memoir and Introduction. Crown 8vo, sewed, \s. 
LUCIAN'S Dialogues of the Gods, of the Sea-Gods, and of the 

Dead. Translated by HOWARD Williams, m.a. Small post 8vo, ^s. 
LUCRETIUS. Translated by the rev. j. s. watson, m.a. Small post 

8vo, is. 

— Literally translated by the late H. A. j. munro, m.a. /^th edition. Demy 

8vo, ds. 
MARTIAL'S Epigrams, complete. Literally translated into Prose, with 
the addition of Verse Translations selected from the Works of English 
Poets, and other sources. Small post 8vo, ^s. 6d. 
OVID, The Works of. Translated. 3 vols., small post 8vo, 5^. each. 
Vol. I. — Fasti, Tristia, Pontic Epistles, Ibis, and Halieuticon. 
Vol. II. — Metamorphoses. IViih Frontispiece. 

Vol. III. — Ileroides, Amours, Art of Love, Remedy of Love, and 
Minor Pieces. With Frontispiece. 
PINDAR. Translated by dawson w. turner. Small post 8vo, 5^. 
PLATO. Gorgias. Translated by the late E. M. cope, m.a.. Fellow 
of Trinity College, ind edition. 8vo, "js. 

— Philebus. Translated by F. A. paley, m.a., ll.d. Small 8vo, 4r. 

— Theaetetus. Translated by F. a. paley, m.a., ll.d. Small 8vo, 4J. 

— The Works of. Translated, with Introduction and Notes. 6 vols, small 

post 8vo, 5j. each. 

Vol. I. — The Apology of Socrates — Crito — Phaedo — Gorgias — Prota- 
goras — Phaedrus — Theaetetus — Eutyphron — Lysis. Translated by the 
rev. h." cary. 

Vol. II.— The Republic— Timaeus—Critias. Translated by henry 

DAVIS. 

Vol. III. — Meno — Euthydemus — The Sophist — Statesman— Cratylus 
— Parmenides— The Banquet. Translated by G. burges. 

Vol. IV. — Philebus — Charmides— Laches — Menexenus— Hippias— Ion 
— The Two Alcibiades— Theages — Rivals — Hipparchus — Minos — Cli- 
topho— Epistles. Translated by G. surges. 

Vol. v.— The Laws. Translated by G. burges. 

Vol. VI. — The Doubtful Works. Edited by G. surges. With General 
Index to the six volumes. 

— Apology, Crito, Phaedo, and Protagoras. Translated by the rev. h. 

GARY. Small post 8vo, sewed, is., cloth, \s. td. 

— Dialogues. A Summary and Analysis of. With Analytical Index, giving 

references to the Greek text of modern editions and to the above transla- 
tions. By A. DAY, LL.D. Small post 8vo, 5^-. 
PLAUTUS, The Comedies of. Translated by H. T. riley, b.a. 2 vols, 
small post 8vo, 5-f- each. 

Vol. I.— Trinummus— Miles Gloriosus— Bacchiiles— Stichus— Pseudolus 
— Menaechmei— Aulularia — Captivi — Asinaria — Curculio. 

Vol. II.— Amphitryon— Rudens—Mercator—Cistellaria—Truculentus 
—Persa—Casina—Poenulus—Epidicus—Mostellaria— Fragments. 

— Trinummus, Menaechmei, Aulularia, and Captivi. Translated by 

H. T. RILEY, B.A. Small post 8vo, sewed, u., cloth, is. 6d. 
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PLINY. The Letters of Pliny the Younger. Melraoth's Translation, 
revised, by the REV. F. c. T. bosanquet, m.a. Small post 8vo, t,s. 

PLUTARCH. Lives. Translated by A. Stewart, m.a., late Fellow of 
Trinity College, Cambridge, and George long, m.a. 4 vols, small post 
8vo, 3j. 6d. each. 

— Morals. Theosophical Essays. Translated by c. w. KING, .M.A., late 
I Fellow of Trinity College, Cambridge. Small post 8vo, ^s. 

— Morals. Ethical Essays. Translated by the rev. a. e. shilleto, m.a, 

Small post 8vo, s. 

PROPERTIUS. Translated by rev. p. j. f. gantillon, M.A., and 
accompanied by Poetical Versions, from various sources. Small post 8vo. 
3^. 6d. 

PRUDENTIUS, Translations from.. A Selection from his Works, with 
a Translation into Enghsh Verse, and an Introduction and Notes, by 
FRANcrs ST. JOHN THACKERAY, M.A., F.S.A., Vicar of Mapledurham, 
formerly Fellow of Lincoln College, Oxford, and Assistant-Master at 
Eton. Wide post 8vo, Js. 6d. 

QUINTILIAN: Institutes of Oratory, or. Education of an Orator. 
Translated by the REV. J. s. WATSON, M.A. 2 vols, small post 8vo, 
f,s. each. 

SALLUST, FLORUS, and VELLEIUS PATERCULUS. Trans- 
lated by J. s. WATSON, M.A. Small post 8vo, t,s. 

SENECA: On Benefits. Translated by A. stewakt, m.a., late Fellow 
of Trinity College, Cambridge. Small post 8vo, 3^. 6d. 

— Minor Essays and On Clemency. Translated by A. stewart, m.a. 

Small post 8vo, 5^. 
SOPHOCLES. Translated, with Memoir, Notes, etc., by E. p.colekidge, 
B.A. Small post 8vo, S^. 
Or the plays separately, crown Svo, sewed, is. each. 

— The Tragedies of. The Oxford Translation, with Notes, Arguments, 

and Introduction. Small post 8vo, ^s. 

— The Dramas of. Rendered in English Verse, Dramatic and Lyric, by 

SIR GEORGE YOUNG, BART., M.A., formerly Fellow of Trinity College, 
Cambridge. Svo, 12s. 6d. 

— The CEdipus Tyrannus. Translated into English Prose. By PROF. B. 

H. KENNEDY. Crown 8vo, in paper wrapper, is. 
SUETONIUS. Lives of the Twelve Caesars and Lives of the 

Grammarians. Thomson's revised Translation, by T. forester. Small 

post Svo, 5?. 
TACITUS, The Works of. Translated, with Notes and Index. 2 vols. 

Small post Svo, ^s. each. 
Vol. I. — The Annals. 

Vol. II. — The History, Germania, Agricola, Oratory, and Index. 
TERENCE and PHAEDRUS. Translated by H. T. riley, b.a, Small 

post Svo, 5j. 
THEOCRITUS, BION, MOSCHUS, and TYRTAEUS. Translated 

by the rev. j. banks, M.a. Small post Svo, 5^. 
THEOCRITUS. Translated into English Verse by c. s. calverley, 

M.a., late Fellow of Christ's College, Cambridge. New edition, revised. 

Crown Svo, 'js. 6d. 
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THUCYDIDES. The Peloponnesian War. Translated by the rev. h. 

DALE. With Portrait. 2 vols. , 3^. (sd. each. 
— Analysis and Summary of. By j. t. wheelek. Small post 8vo, c,s. 
VIRGIL. Translated by A. Hamilton bryce, ll.d. With Memoir and 

Introduction. Small post 8vo, 3j. i>d. 
Also in 6 vols., crown 8vo, sewed, \s. each. 



Georgics. 
Bucolics, 
.ffineid I.-III. 



.ffineidlV.-VI. 

/Eneid VII.-IX. 

.ffineid X.-XII. 



XENOPHON. The Works of. In 3 vols. Small post 8vo,Sj. each. 

Vol. I. — The Anabasis, and Memorabilia. Translated by the rev. j. s. 
WATSON, M.A. With a Geographical Commentary, by w. F. ainsworti-i, 
F.S.A., F.R.G.S., etc. 

Vol. II. — Cyropaedia and Hellenics. Translated by the rev. j. s. 
WATSON, M.A., and the rev. h. dale. 

Vol. III.— The Minor Works. Translated by the rev. j. s. 

WATSON, M.A. 

SABRINAE COROLLA In Hortulis Regiae^cholae Salopiensis con- 
texuerunt tres viri floribus legendis. itth edition, revised and re-arranged. 
By the late BENJAMIN HALL KENNEDY, D.D., Regius Professor of Greek 
at the University of Cambridge. Large post 8vo, loj. dd. 

SERTUM CARTHUSIANUM Floribus trium Seculorum Contextum. 
Cura GULIELMI HAIG BROWN, Scholae Carlhusianae Archididascali. 
Demy 8vo, 5^. 

TRANSLATIONS into English and Latin. By c. s. calverley, m.a., 
late Fellow of Christ's College, Cambridge. y'<^ edition. Crown 8vo, 
Is. 6d. 

TRANSLATIONS from and into the Latin, Greek and English. By 
R. c. JEBB, M.A., Regius Professor of Greek in the University of Cam- 
bridge, H. JACKSON, M.A., LITT. D., Fellows of Trinity College, Cam- 
bridge, and w. E. CURREY, M.A., formerly Fellow of Trinity College, 
Cambridge. Crown 8vo. 2nd edition, revised. Zs. 



GRAMMAR AND COMPOSITION, 

BADDELEY. Auxilia Latina. A Series of Progressive Latin Exercises. 
By M. J. B. BADDELEY, M.A. Fcap. 8vo. Part L, Accidence, ^th 
edition. 2s. Part II. ith edition. 2S. Key to Part II. 2s. 6d. 

BAIRD. Greek Verbs. A Catalogue of Verbs, Irregular and Defective ; 
their leading formations, tenses in use, and dialectic inflexions, with a 
copious Appendix, containing Paradigms for conjugation. Rules for 
formation of tenses, &c., &c. By J. s.' baird, t.c.d. New edition, re- 
vised. 2s. 6d. 

— Homeric Dialect. Its Leading Forms and Peculiarities. By J. s. baird, 
T.CD. New edition, revised. By the rev. w. gunion ruthErford, 
M.A., LL.D., Head Master at Westminster School, is. 

BAKER. Latin Prose for London Students. By ARTHUR baker, 
M.A., Classical Master, Independent College, Taunton. Fcap. 8vo, zs. 
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BARRY. Notes on Greek Accents. By the right rev. a. barry, 

D. D. New edition, re-written, is. 
CHURCH. Latin Prose Lessons. By A. j. church, M. A., Professor of 

Latin at University College, London. <)th edition. Fcap. 8vo, 2s. 6d. 
CLAPIN. Latin Primer. By the rev. a. c. clapin, m,a.. Assistant 

Master at Sherborne School, yd edition. Fcap. 8vo, u. 
COLLINS. Latin Exercises and Grammar Papers. By T. Collins, 

M.A., Head Master of the Latin School, Newport, Salop, ^tk edition. 

Fcap. 8vo, 2s. 6d. 

— Unseen Papers in Latin Prose and Verse. With Examination Questions, 

6th edition. Fcap. 8vo, 2s. 6d. 

— Unseen Papers in Greek Prose and Verse. With Examination Ques 

tions. yd edition. Fcap. 8vo, y. 
-- Easy Translations from Nepos, Caesar, Cicero, Livy, &c., for Retrans 

lation into Latin. With Notes. 2s. 
COMPTON. Rudiments of Attic Construction and Idiom. An Intro 

duction to Greek Syntax for Beginners who have acquired some knowledge 

of Latin. By the REV. w. COOKVVORTHY COMPTON, M.A., Head Master 

of Dover College. Srown 8vo, y. 
FROST. Eclogae Latinae ; or, First Latin Reading Book. With Notes 

and Vocabulary by the late REV. P. FROST, M.A. Fcap. 8vo, i,r. 6d. 

— Analecta Graeca Minora. With Notes and Dictionary. New edition. 

Fcap. 8vo, 2s. 

— Materials for Latin Prose Composition. By the late rev. p. frost, 

M.A. New edition. Fcap. Svo. 2,r. Key. 4r.net. 

— A Latin Verse Book. New edition. Fcap. 8vo, 2s. Key. t,s. net. 

— Materials for Greek Prose Composition. New edition. Fcap. 8vo, 

2s. 6d. Key. 5j. net. 

— Greek Accidence. New edition, is. 

— Latin Accidence, is. 

HARKNESS. A Latin Grammar. By albert harkness. Post 8vo, 
6s. 

KEY. A Latin Grammar. By the late T. H. key, m.a., f.r.s. 6th thou- 
sand. Post 8vo, 8j. 

— A Short Latin Grammar for Schools. 16th edition. Post 8vo, 3^. 6d. 
HOLDEN. Foliorum Silvula. Part I. Passages for Translation into 

Latin Elegiac and Heroic Verse. By H. a. holden, ll.d. nth edition. 
Post 8vo, "js. 6d. 

— Foliorum Silvula. Part II. Select Passages for Translation into Latin 

Lyric and Comic Iambic Verse, yd edition. Post 8vo, 5^. 

— Foliorum Centuriae. Select Pa.ssages for Translation into Latin and 

Greek Prose. 10th edition. Post 8vo, 8j. 

JEBB, JACKSON, and CURREY. Extracts for Translation in 
Greek, Latin, and English. By R. c. JEBB, litt.d., ll.d., Regius Pro- 
fessor of Greek in the University of Cambridge ; H. Jackson, litt.d., 
Fellow of Trinity College, Cambridge ; and w. e. currey, m.a., late 
Fellow of Trinity College, Cambridge. 4^. 6d. 

Latin Syntax, Principles of. ij-. 

Latin Versification, i^. 

MASON. Analytical Latin Exercises By c. P. mason, b.a. 4^/5 
edition. Part I., is. 6d. Part II., zs. 6d. 

— The Analysis of Sentences Applied to Latin. Post 8vo, is. 6d, 
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NETTLESHIP. Passages for Translation into Latin Prose. Pre- 
ceded by Essays on : — I. Political and Social Ideas. II. Range of Meta- 
phorical Expression. III. Plistorical Development of Latin Prose Style 
in Antiquity. IV. Cautions as to Orthography. By H. NETTLESHii', 
M.A., late Corpus Professor of Latin in the University of Oxford. Crown 
8vo, y. A Key, 4^. dd. net. 

Notabiiia Quaedam ; or the Principal Tenses of most of the Irregular 
Greek Verbs, and Elementary Greek, Latin, and French Constructions. 
New edition, is. 

PA LEY. Greek Particles and their Combinations according to Attic 
Usage. A Short Treatise. By F. A. PALEY, M.A., LL.D. 2J. (>d. 

PENROSE. Latin Elegiac Verse, Easy Exercises in. By the kev. j. 
PENROSE. New edition. 2.r. (Key, 3J. di/. net.) 

PRESTON. Greek Verse Composition. By G. preston, m.a. ^th 
edition. Crown 8vo, 4f. dd. 

PRUEN. Latin Examination Papers. Comprising Lower, Middle, and 
Upper School Papers, and a number of the Woolwich and Sandhurst 
Standards. By G. G. PRUEN, M.A., Senior Classical Master in the Modern 
Department, Cheltenham College. Crown 8vo, 2s. 6d. 

SEAGER. Faciliora. An Elementary Latin Book on a New Principle. 

By the REV. J. L. SEAGER, M.A. 2S. 6d. 

STEDMAN (A. M. M.). First Latin Lessons. By A. M. M. stedman, 
M.A., Wadham College, Oxford. 2nd edition, enlarged. Crown 8 vo, 2S. 

— Initia Latin a. Easy Lessons on Elementary Accidence. 2nd edition. 

Fcap. 8vo, IS. 

— First Latin Reader. With Notes adapted to the Shorter Latin Primer 

and Vocabulary. Crown 8vo, is. 6(i. 

— Easy Latin Passages for Unseen Translation. 2nd and enlargea 

edition. Fcap. 8vo, is. 6d. 
Exempla Latina. First Exercises in Latin Accidence. With Vocabu- 
lary. Crown 8vo, is. dd. 

— The Latin Compound Sentence ; Rules and Exercises. Crown 8vo, 

IS. 6d. With Vocabulary, 2s. 

— Easy Latin Exercises on the Syntax of the Shorter and Revised Latin 

Primers. With Vocabulary. S'd edition. Crown 8vo, 2s. 6d. 

— Latin Examination Papers in Miscellaneous Grammar and Idioms. 

yd edition. 2s. 6d. Key (for Tutors only), 6s. net. 

— Notanda Quaedam. Miscellaneous Latin Exercises. On Common 

Rules and Idioms. 2nd edition. Fcap. 8vo \s.dd. With Vocabulary, 2J-. 

— Latin Vocabularies for Repetition. Arranged according to Subjects. 

yd edition. Fcap. 8vo, is. 6d. 

— First Greek Lessons. \In preparation. 

— Easy Greek Passages for Unseen Translation. Fcap. 8vo, is. 6d. 

— Easy Greek Exercises on Elementary Syntax. [In preparation. 

— Greek Vocabularies for Repetition. Fcap. 8vo, is. 6d. 

— Greek Testament Selections for the Use of Schools. 2nd edition. 

With Inlroduction, Notes, and Vocabulary. Fcap. 8vo, 2s. 6d. 

— Greek Examination Papers in Miscellaneous Grammar and Idioms. 

2nd edition. 2s. bd. Key (for Tutors only), ds. net. 
THACKERAY. Anthologia Graeca. A Selection of Greek Poetry, 
with Notes. By F. ST. joi-iN Thackeray. 5//2 edition. i6mo, 4^. 6d. 

B 
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TH ACKERAYi Anthologid Latinai A Seleetibh of Latlil Poetl-y, fl-bm 
Naevius to Boethiusi ■*illi Notes; By ftEV. F: ST. JOHN THAcfeERAY. 
6th edition. i6mOj 4J1 6d. 

— Hints and Cautions on Attic Greek Prose OeinpositiOn. Crown 

8ifo, %s. 6d. 

— Exercises on the Irregular and Defective Greek VefbS. is. 6d. 
WELLSi Tales for Latin Prose Gomtiositioni With NdteS and 

Vocabulary. By G: Hi WELLS, M.A., Assistant Master £tt Merchant 
Taylor's School. Fcap. 8vo, 2s. 



HISTORY, G£0(iRAPMV, AMD RfiPfeRfiMCE BDOKS, 

ETC. 

TEUFFEL'S History of Roman Literature. <,th edition, nvlsed by 
DR. SCHWABE, translated by PROFESSOR G. c. w warRj m.a, King's 
College, London Medium 8vo. 2 vols, son Vol Ii (The Republican 
Period), 15^-. Vol. 11 (The Imperial Period), Ijj-. 

KEIGHTLEY'S MytHoiogy of Ancifent Greece and Italy. 4M edition; 
revised by thg late LEONHifeb spHMlTZ, PH.D., LL.D., Classical fixaminer 
to the University of London With 12 Plates. Sniall post 8vo, y. 

DOfJ ALfaSON'S theatre of the tireeks. lO^A edilioit. Small post 8vo, 

DIGTIONARY OF LATIN AND QREEk QUOTAtiONS • in- 
cluding Proverbs, Maxims, Mottoes, Law Terms and PhrasfeS. With all 
the Quantities marked, and Ehglish Tfinslilions. With Index Verbbrum. 
Small post 8vo, 5r. 

A GUIDE TO THE CHOICE OF CLASSICAL §ODkS. By J. B. 
MAYOR, M.A., Professor of Moral Philosdphy at King's College, late 
Fellow ahd Tiltdr of St. John's Collfegg, Caittbridsc. p-d edition, with 
Supplementary List. Crown 8vo, 4j. <)d. Suppiettieilt separate, \s. 6d. 

PAtJSANIAS' Description ttf Greece. Ne*ly translated, with Notes 
and Index, by A. R. SHILLETO, m.a. 2 vols. Small post ^ro, ^j. each. 

STRABO'S Gebgfaphy, Translated by W. S^alcOner, M.a., and H. c. 
HAMILTON. 3 Vols. Small post 8vo, 5.f. each. 

AN ATLAS OF CLASSICAL GEOGRAPHY. By w. tttJGHEs and 
G. LONG, M.A. Containing Tteti Selfectsd Maps. Itnp. 8vd, is. 

AN ATLAS OF CLASSICAL GEOGRAPHY. Twenty-four Maps 
by w. HtJGHEs and GEdboE long, m.a. With 'coloured oullines. 
Imperial 8vO) ds. 

ATLAS OF CLASSICAL GEOGRAPHY. 22 large Coloured Maps. 
With a complete Index. Imp. 8vo, chiefly engraved by the Messrs, 
Walker. 7^-. 6d. 
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MATHEMATICS. 

ARITHMETIC AND ALGEBRA. 

BARRACLOUGH (T.). The Eclipse Mental Arithmetic. By thus 
BARRACLOL'GH, Board School, Halifax. Standards I., II., and III., 
sewed, 6t/. ; Standards 11., III., and IV., sewed, 6ii. net; Book HI., 
Part A, sewed, 4a', ; Book III., Part B, cloth, i.t. dd. 

BEARD (W. S.). Graduated Exercises in Addition (Simple and Com- 
pound). For Candidates for Commercial Certificates and Civil Service 
appointments. By w. s. beard, f.r.g.s.. Head Master of the Modern 
School, Fareham. 2nd edition. Fcap. 4I0, \s. 

— j-ife PENDLEBURY. 

ELSEE (C). Arithmetic. By the rev. c. elsee, m.a., late Fellow of 
St. John's College, Cambridge, Senior Mathematical Master at Rugby 
School, i/^th edition. Fcap. 8vo, 3J-. erf'. 

[Cdm/>. School and College Texts. 

— Algebra. By the rev. c. elsee, m.a. 8M edition. Fcap. 8vo, 4J. 

\_Caml>. S. and C. 1 exts. 

FILIPOWSKI (H. E.). Ahti-Logarithms, A Table of. By 11. e. 
FILIPOWSKI. yd edition. 8vo, 15J. 

GOUDIE (W. P.). See Watson. 

HATHORNTHWAITE (J. T.). Elementaiy Algebra for Indian 
Schools. By j. T. hathornthwaitEj m.a.. Principal and Professor 
of Mathematics at Elphinstone College, Bombay. Crown 8vo, 2j. 

HUNTER (J.). Supplementary Arithmetic, with Answers. By REV. 
J. HUNTER, M.A. Fcap. 8vo, 3J-. 

MACMICHAEL (W. F.) and PROWDE SMITH (R.). Algebra. 
A Progressive Course of Examples. By the rev. w. f. macmichael, 
and R. PROWDE SMITH, M.A. d,th edition. Fcap. 8vo, y. 6d. With 
answers, us. 6d. [Cainb. S. and C. Texts. 

MATHEWS (G. B.). Theory of Numbers. An account of the Theories 
of Congruencies and of Arithmetical Forms. By G. B. mathews, m.a., 
Professor of Mathematics in the University College of North Wales. 
Part I. Demy 8vo, 12s. 

PENDLEBURY (C). Arithmetic. With Examination Papers and 
8,000 Examples. By chari.es pendlebury, m.a., f.r.a.s.. Senior 
Maihematical Master of St. Paul's, Author of " Lenses and Systems of 
Lenses, treated after the manner of Gauss." fth edition. CroWii 8Vo. 
Complete, with or without Answers, /\s.. dd. In Two Parts, with or 
without Answers, 2s. dd. each. 
Key to Part II. ^s. 6d. net. [Camk Mutlu Ser. 

— Examples in Arithmetic. Extracted from Pendlebury's Arithmetic. 

With or without Answers, ^th edition. Crown 8vo, y., or in Two Parts, 
l.r. td. and zs. [Camb-. Math. Set: 

— Examination Papeirs in Aritlrhetic. Consisting of 140 papersj each 

containing 7 questions ; and a collection of 357 more difficult problems. 
2nd edition. Crown 8*0, 2s. id. Key, for Tutors only, ^s. net. 
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PENDLEBURY (C.) and TAIT (T. S.). Arithmetic for Indian 
Schools. By c. pendlebury, m.a. and T. s. tait, m.a., b.sc, 
Principal of Baroda College. Crown 8vo, 3.r. [Canib. Malh. Ser. 

PENDLEBURY (C.) and BEARD (W. S.). Arithmetic for the 
Standards. By c. pendlebury, m.a., F.R.A.S., and w. s. BEARD, 
F.R.G.s. Standards I., II , III., sewed, 2.d. each, cloth, yl. each ; IV., 
v., VI., sewed, 'i,d. each, cloth, i,d. each; VII., sewed, 6rf., cloth, %d. 
Answers to I. and II., s,d.. III. -VII., /^i. each. 

— Elementary Arithmetic, yd edition. Crown 8vo, \s. dd. 

POPE (L. J.). Lessons in Elementary Algebra. By L. j. pope, b.a. 
(Lond.), Assistant Master at the Oratory School, Birmingham. First 
Series, up to and including Simple Equations and Problems. Crown 8vo, 
\s 6d. 

PROWDE SMITH (R.). &« Macmichael. 

SHAW (S. J. D.). Arithmetic Papers. Set in the Cambridge Higher 
Local Examination, from June, 1869, to June, 1887, inclusive, repriuted 
by permission of the Syndicate. By S. J. D. SHAW, Mathematical 
Lecturer of Newnham College. Crown 8vo, 2s. 6d. ; Key, 4f. 6d. net. 

TAIT (T. S.). See Pendlebury. 

WATSON (J.) and GOUDIE (W. P.). Arithmetic. A Progressive 
Course of Examples. With Answers. By J. WATSON, M.A., Corpus 
Christi College, Cambridge, formerly Senior Mathematical Master of the 
Ordnance School, Carslrallon. "Jih edition, revised ami enlarged. By w. 
p. GOUDIE, B.A. Lond. Fcap. 8vo, 2J. dd. \Camb. S. and C. Texts. 

WHITWORTH (W. A.). Algebra. Choice and Chance. An Ele- 
mentary Treatise on Permutations, Combinations, and Probability, with 
640 Exercises and Answers. By w. A. WHITWORTH, M.A., Fellow of 
St. John's College, Cambridge. d^li edition, revised and enlarged. 
Crown 8vo, 6j. \Cainb. Math. Ser. 

WRIGLEY (A.) Arithmetic. By A. wrigley, m.a , St. John's College 
Fcap. 8vo, y. 6d. [Camb. S. and C. Texts. 



BOOK-KEEPING. 

CRELLIN (P.). A New Manual of Book-keeping', combining the 
Theory and Practice, with Specimens of a set of Books. By philup 
CRELLIN, Chartered Accountant. Crown 8vo, y. 6d. 

— Book-keeping ior Teachers and Pupils. Crown 8vo, i.r. 6d. Key, 
2s. net. 

FOSTER (B. W.). Double Entry Elucidated. By B. w. foster. 
i^t/i edition. Fcap. 4to, 3^. dd. 

MEDHURST (J. T.). Examination Papers in Book-keeping. Com- 
piled by JOHN T. MEDHURST, A.K.C., F.S.S., Fellow of the Society of 
Accountants and Auditors, and Lecturer at the City of London College. 
yrd edition. Crown 8vo, y. 

THOMSON (A. W.). A Text-Book of the Principles and Practice 
of Book-keeping. By professor a. w. tho.mson, b.sc, Royal 
Agricultural College, Cirencester. Crown 8vo, y. 
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GEOMETRY AND EUCLID. 

BESANT (W. H.). Geometrical Conic Sections. By w. h. besant, 
sc.D., F.R.S., Fellow of St. John's College, Cambridge. 8//( edition. 
Fcap. 8vo, 4J. td. Enunciations, separately, sewed, \s. 

[ Canib. S. and C. Texts, 

BRASSE (J.). The Enunciations and Figures of Euclid, prepared for 
Students in Geometry. By the rev. j. brasse, d.d. New edition. 
Fcap. 8vo, IS. Without the Figures, 6d. 

DEIGHTON (H.). Euclid. Books I.-VI., and part of Book XL, newly 
translated from the Greek Text, with Supplementary Propositions, 
Chapters on Modern Geometry, and numerous Exercises. By HORACE 
DEIGHTON, M.A., Head Master of Harrison College, Barbados, yd 
edition. 4J. 6n'., or Books I.-IV., 3.?. Books V.-XI. , 2j'. 61/. Key, 5^. net. 

[Catnh. Math. Ser. 
Also issued in parts : — Book I., \s. ; Books I. and II., I.f. 6/. ; Books 
I. -III., 2s. (,d. ; Books III. and IV., is. 6d. 

DIXON (E. T.). The Foundations of Geometry. By edward t. 
DIXON, late Royal Artillery. Demy 8vo, 6s. 

MASON (C. P.). Euclid. The First Two Books Explained to Beginners. 
By C. P. MASON, B.A. 2nd edition. Fcap. 8vo, 2,s. (>d. 

McDowell Q.) Exercises on Euclid and in Modern Geometry, con- 
taining Applications of the Principles and Processes of Modem Puie 
Geometry. By the late J. mcdoweu,, m.a., k.r.a.s., Pembroke College, 
Cambridge, and Trinity College, Dublin, ^h edition. 6s. 

[Cam/>. Math, Ser. 

TAYLOR (C). An Introduction to the Ancient and Modern Geo- 
metry of Conies, with Historical Notes and Prolegomena. Ijj. 

— The Elementary Geometry of Conies. By c. taylor, d.d.. Master 
of St. John's College, yth edition, revised. With a Chapter on the Line 
Infinity, and a new treatment of the Hyperbola. Crown 8vo, 4.r. 6d. 

[Camli, Math. Ser. 

WEBB (R.). The Definitions of Euclid. With Explanations and 
Exercises, and an Appendix of Exercises on the First Book by R. webb, 
M.A. Crown 8vo, is. 6d. 

WILLIS (H. G.). Geometrical Conic Sections. An Elementary 
Treatise. By H. G. willis, m.a., Clare College, Cambridge, Assistant 
Master of Manchester Grammar School. Crown 8vo, Sj. 

[Camb. Math. Ser. 

ANALYTICAL GEOMETRY, ETC. 

ALDIS (W. S.). Solid Geometry, An Elementary Treatise on. By w. 
s. ALOIS, M.A., late Professor of Mathematics in the University College, 
Auckland, New Zealand. 4^/; edition, revised. Crown 8vo, ts. 

{Camb, Math. Ser. 
BESANT (W. H.). Notes on Roulettes and Glissettes. By w. H. 
BESANT, SC.D., F.R.s. Hid edition, enlarged. Crown 8vo, 5^. 

{Camb, Math, Ser, 
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CAYLEY (A.). Elliptic Functions, An Elementary Treatise on. By 
ARTHUR CAYLEY, Skdlerian Professor of Pure Mathenaatics in the Univer- 
sity of Cambridge. Demy 8vo. New edition in the Press. 

TURNBULL (W. P.). Analytical Plane Geometry, An Introduction 
to. By w. P. TURNBULL, M.A., sometime Fellow of Trinity College. 
8vo, I2J-. 

VYVYAN (T. G.). Analytical Geometry for Schools, By rev. t. 
VVVYAN, M.A,, Fellow of Gonville and Caius College, and Mathematical 
Master of Charterhouse, tth edition. 8vo, e,s. 6d. 

[Cami. S. and C Texts. 

TT- Analytical Geometry for Beginners. Pfirt I. The Straight Line and 
Circle. Crown 8vo, 2s. (yd. [Cami, Math. Ser. 

WHITWORTH (W. A.), Trilinear Co-qr4inates, and other methods 
of Modem Analytical Geometiy of Two Dipniensions. By w. A. whit- 
worth, M.A., late Professor of Mathematics in Qqeen's College, Liver- 
pool, and Scholar of St. John's College, Cambridge. 8vo, i6j. 



TRIGONOMETRY. 

DYER (J. M.) and WHITCOMBE (R. H.). Elementary Trigooq, 
metry. By j. M. dyer, m.a. (Senior Mathematical Sqholar at Oxford), 
and rev. r. h. WHiTCOMiiE, Assistant Masters at Eton College, znd 
edition. Crown 8vo, i,s. 6d. [Ca>lii- Math. Ser, 

VYVYAN (T. G.). Introduction to Plane Trigonometry! By the 
REV. T. G. VYVYAN, M.A., formerly Fellow of Gonville ^.nd Caius Coflege, 
Senior Mathematical Master of Charterhouse. yd edition, revised atid 
augmented. Crown 8vo, 3^. 6rf. [Cainb. Mqth. ier. 

WARD (G. H.). Examination Papers in Trigonometry, J3y g. h. 
WARD, M.A., Assistant Master nl St, Paul's Sphool. Crown 8vo, %s. dd. 
Key, 5,f. net. 

MECHANICS AND NATURAL PHILOSOPHY. 

ALDIS (W. S.). Geometrical Optics, An Elementary Treatise on. By 
w. s. ALDIS, M.A. /^th edition. Crown 8vo, t[s. [Camb. Math. Ser. 

— An Introductory Treatise on Rigid Dynamics. Crown 8vo, 4J. 

[Camb. Math. Ser. 
—r Fresnel's Theory of Double Refraction, A Chapter on. 2nd edition, 

revised. 8vo, 2s. 
BASSET (A. B.). A Treatise on Hydrodynamics, with numerous 

Examples. By A. B. basset, m.a., f.r.s., Trinity College, Cambridge. 

Demy 8vo. Vol. I., price 10s. 6d. ; Vol. II., 12s. 6d. 

— An Elementary Treaiise on Hydrodynamics and Sound. Demy 

8vo, 7^. (>d. 

— A Treatise on Physical Optics. Demy 8vo, i6j. 

BESANT (W. H.). Elementary Hydrostatics. By w. H. besant, 
sc.D., F.R.S. idth edition. Crown 8vo, 4r. 6</. Solutions, Jf. 

[Camb. Math. Ser. 

— Hydromechanics, A Tieatise on. Part I. Hydrostatics. $th edition 

revised, and enlarged. Crown 8vo, $s. [Camb. Math. Ser. 
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BESANT (W. H.). A Treatise on Dynamics. 2ttd ec^itian. Crown 

8vo, iQs. 6(/. [Camli- Afyth. Ser. 

CHALLIS (PROF.). Pure and Applied Calculation. By the late 

REV. J. OHALLIS, M.A., F.E.S., &C, Demy 8vO, 1%!. 

— Physics, The Mathematical Principle of. Demy 8vo, 5^. 

— Lectures on Practical Astronomy. Demy 8vo, loj-. 

EVANS (J. H.) and MAIN (P. T.). Newton's Principia, The First 
Three Sections of, with an AppenfUjf ; ancl the Ninth and Plpventh 
Sections. By j. H. evans, m.a,, St. John's CpUege, The ph edition, 
edited by p. t. main, ji.a., Lecturer E|.nd ffllow of St. John's Cpllege, 
Fcap. SvD, 4!-, [Ccft/ti. S. and C. j'exts. 

0ALLATLY (W.). Elementary Physics, Examples and E?c(vmination 
Papers in. Statics, Dynamics, Hydrostatics, Heat, Light, Chemistry, 
Electricity, London Matriculation, Cambridge B. A., Edinburgh, Glasgow, 
South Kensington, Cambridge Junior and Senior Papers, and Answers. 
By w. gallatly, m.a., Pembroke College, Cambridge, Assistant 
Examiner, London University. Crown 8vo, 4/. [Cami. Math. Ser. 

GARNETT (W.). Elementary Dynamics for the use of Colleges and 
Schools. By William garnett, m.a., d.c.l.. Fellow of St.' John's 
College, late Principal of the Durham College of Science, Newcastle-upon- 
Tyne^ ^th edition, revised. Crown 8vo, &. \^Canib. Math. Ser. 

— Heat, An Elemental^ Treatise on. tth edition, revised. Crown 8vo, 

4f. 6(/. ' \_Catnh. Math. Ser. 

GOQPVVIN (H,). Statics. By h. Goodwin, d.d., late Bishop ot 

Caj-lisle. 2nd edition. Fcap. 8vp, 3^. \^Camb. S. and Q. Texts. 

HOROBIN (J. C), Elernentary Mechanics. Stage L II. and III., 

IS. 6d. each. By J. c, horobin, m.a., Principal of Homertqn New 

College, Cambridge. 

— Theoretical Mechanics. Division I. Crown 8vo, 2s. 6d. 

*,,' This book covers the ground of the Elementary Stage of Division 1, 
of Subject VI. of the " Science Directory," and is intended for the 
examination of the Science and Art Department. 

JESSOP (C. M,). The Eleinents of Applied Mathematics. In- 
cluding Kinetics, Statics and Hydrostatics. By c. m. jessop, m.a., late 
Fellow of Clare College, Cambridge, Lecturer in Mathematics in the 
Durham College of Science, Newpastle:PI1-Tyne. Crown 8vo, 6s. 

\_Camb. Math. Ser. 

MAIN (P. T.). Plgne Astronomy, An Iiilroduption to. By jP. T. MAif*. 
¥.A., Lectufer and Fellow of St. John'^ CpUege, 6th edition, revised. 
Fcap. 8vo, 4r. [C^n'l>, S- and C. Tfxts. 

PARKINSON (R. M,). Structural Mechanics. By r. m, Parkinson, 
ASSOC. M.l.c.E. Crown 8vq, 4f. 6d. 

PENDLEBURY (C). Lengea and Systems of Lenges, Treated ^fter 
the Manner pf Gauss. By charle? pend^ebury, m.a., f.r.a.s., Senior 
Mathematical Master pf St. Paul's School, late Schqlfvr of §(. John's 
College, Cambridge. Demy Svo, ^s. 

STEELE (R. E.). Natural Science Examination Papers, By 
p. E, STEELE, M.A., F.c.s,, Chief Naturftl Science Master, Bradford 
Grammar School'. Crqwn Svo. Part t., Inorganic Chemistry, 2s, 6d. 
Pan II., Physics (Sound, Light, Heat, Magnetism, Blgctricity), V- 6^. 

[School Mxtf'/i. Series. 
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WALTON (W.). Theoretical Mechanics, Problems in. By w. Wal- 
ton, M.A, Fellow and Assistant Tutor of Trinity Hall, Mathematical 
Lecturer at Magdalene College, yd edition, revised. Demy 8vo, i6j. 

— Elementary Mechanics, Problems in. 2nd edition. Crown 8vo, 6j. 

[Camb. Math. Ser. 



DAVIS (J. F.). Army Mathematical Papers. Being Ten Years' 
Woolwich and Sandhurst Preliminary Papers. Edited, with Answers, by 
J. F. DAVIS, D.LIT., M.A. Lond. Crown 8vo, 2s. 6d. 

DYER (J. M.) and PROWDE SMITH (R.). Mathematical Ex- 
amples. A Collection of Examples in Arithmetic, Algebra, Trigono- 
metry, Mensuration, Theory of Equations, Analytical Geometry, Statics, 
Dynamics, with Answers, &c. For Army and Indian Civil Service 
Candidates. By J. M. DYER, M.A., Assistant Master, Eton College 
(Senior Mathematical Scholar at Oxford), and R. PROWDE smith, m.a. 
Crown 8vo, 6s. [Camb. Math. Sen 

GOODWIN (H.). Problems and Examples, adapted to "Goodwin's 
Elementaiy Course of Mathematics." By T. G. VYVYAN, M.A. yd 
edition. 8vo, 5^. ; Solutions, yd eaition, 8vo, gj-. 

SMALLEY (G. R.). A Compendium of Facts and Formulae in 
Pure Mathematics and Natural Philosophy. By G. R. smalley, 
F.R.A.s. New edition, revised and enlarged. By J. Mcdowell, m.a., 
F.R.A.s. Fcap. Svo, 2S. 

WRIGLEY (A.). Collection of Examples and Problems in Arith- 
metic, Algebra, Geometry, Logarithms, Trigonometry, Conic Sections, 
Mechanics, &c., with Answers and bccasional Hints. By the rev. a. 
WRIGLEY. \oth edition, 10th thousand. Demy 8vo, %s. 6d. 

A Key. By j. c. platts, m.a. and the rev. a. wrigley. 2nd edition. 
Demy Svo, los. 6d. 



MODERN LANGUAGES. 

ENGLISH. 

ADAMS (E.). The Elements of the English Language. By ernest 

ADAMS, PH.D. 26th edition. Revised by j. F. davis, d.lit., m.a., 

(lond.). Post Svo, 4^. (>d. 
— The Rudiments of English Grammar and Analysis. By ERNEST 

ADAMS, PH.D. ifjth thousand. Fcap. Svo, \s. 
ALFORD (DEAN). The Queen's English: A Manual of Idiom and 

Usage. By the late henry alford, d.d.. Dean of Canterbury. 6M 

edition. Small post Svo. Sewed, \s., cloth, \s. 6d. 
ASCHAM'S Scholemaster. Edited by professor;, e. b. mayor. Small 

post Svo, sewed, is. 
BELL'S ENGLISH CLASSICS. A New Series, Edited for use in 

Schools, with Introduction and Notes. Crown Svo. 

BACON'S Essays Modernized. Edited by f. j. howe, m.a., Professor of 
English Literature at Presidency College, Calcutta. 
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BELL'S ENGLISH CI. KSSICS— continued. 

BROWNING'S Strafford. Edited by e. h. hickey. With Introduction by 

S. R. GARDINER, l.L.D. 2J. 6d. 

BURKE'S Letters on a Regicide Peace. 

M.A., CLE. 3J. ; sewed, 2j, 
BYRON'S Childe Harold. Edited by H. r,. keenr, m.a., c.i e., Author of "A 

Manual of French Literature," etc. 3J. 6d. Also Cantos I. and II. separately ; 

sewed, xs. gd, 
-^ Siege of Corinth, Edited by p. hordrrn, late Direct»r of Public Instruction in 

Burma, is. 6d. ; sewed, is. 
CHAUCER, SELECTIONS FROM. Edited by j. B. bilperbeck, b.a.. 

Professor of English Literature, Presidency College; Madras. [Prefiarinji: 

DE QUINCEY'S Revolt of the Tartars and The English Mail-Coach. 

Edited by CECIL m. barrow, m.a.. Principal of Victoria College, Palghat, and 

MARK HUNTER, B.A., Principal of Coimbatore College. [/w the press. 

GOLDSMITH'S Good-Natured Man and She Stoops to Conquer. Edited 

by K. DEIGHTON. Each, 2^. cloth ; zs. bd. sewed. 
IRVING'S Sketch Book. Edited by r. g. oxenham, m a. [Preparing. 

JOHNSON'S Life of Addison. Edited by F. ryland. Author of "The Studenis' 

Handbook of Psychology," etc. ■2s, td. 

— Life of Swift. Edited by f. ryland, m.a. is. 

— Life of Pope. Edited by f. ryland, m.a. is. 6d. 

— Life of Milton. Edited by f. ryland, m.a. is. dd. 

— Life of Dryden- Edited by f. ryland, m.a. zs. 6d. 
LAMB'S Essays. Selected and Edited by ic. deighton. 
MACAULAY'S Lays of Ancient Rome. Edited by 

sewed, u. qd. 
Essay on Clive. Edited by Cecil barrow, m.a. 



3^. ; sewed, 2y. 
F. HORDERN. 2S. 6d. ; 

[Preparing. 
MASSI'NGER'S A New Way to Pay Old Debts. Edited by K. deighton. 

3s. : sewed, •2s- 
MILTON'S Paradise Lost. Books III. and IV. Edited by R. n. oxenham, m.a., 

Principal of Elphinstone College, Bombay. ■2s. ; sewed, rs. 6d., or separately, 

sewed, lod. each. 

— Paradise Regained. Edited by k. deighton. 2^. Sd. ; sewed, is. gd. 
POPE, SELECTIONS FROM. Containing Essay on Criticism, Rape of the 

Lock, Temple of Fame, Windsor Forest. Edited by k. deighton. 2J. 6d. ; 
sewed, IJ. gd. 
SHAKESPEARE'S Julius Caesar. Edited by t. duff uarnett, b.a. (Lond.). 

2S. 

— Merchant of Venice. Edited by T. duff barnett, b.a. (Lond,). 21. 

— Tempest, Edited by t, duff barnett, b.a. (Lond,), 2s. 

Others to/ollow. 



BELL'S READING BOOKS. 

Infants. 
Infant's Primer. y{. 
Tot and the Cat. 6</. 
The Old Boathouse. bd. 
The Cat and the Hen. bd. 

Standard I. 
School Primer. 6rf. 
The Two Parrots, dd. 
The Three Monkeys. 6/. 
The New-born Lamb. 6/. 
The Blind Boy. bd. 

Standard II. 
The Lost Pigs. dd. 
Story of a Cat. (rd. 
Queen Bee and Busy Bee. bd. 



Post Svo, cloth, illustrated. 

Gulls' Crag. bd. 
Great Deeds in English History. 
\s. 

Standard III. 
Adventures of a Donkey, is. 
Grimm's Tales. \s. 
Great Englishmen. \s. 
Andersen's Tales. \s. 
Life of Columbus, is. 

Standard IV. 
Uncle Tom's Cabin, is. 
Great Englishwomen, is. 
Great Scotsmen, is. 
Edgeworth's Tales, is. 
Gatty's Parables from Nature, is. 
Scott's Talisman, is. 
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BELL'S READING BOOKS- 

Standard V. 
Dickens' Oliver Twist. \s. 
Dicken^' Little Nell. \s. 
Masterman Ready. \s. 
Marryat's Poor Jack. \s. 
Arabian Nights. i.r. 
Gujliver's Travels. \s. 
Lyrical Poetry for Boys and Girls. 

IS. 

Vic^r of Wakefield, i^. 



■continued. 

Standards VJ- and VIL 
Lamb's Tales froni Shakespeare. 

\s. 
Robipspn Gruspe. \s. 
Tales of the Coast, is. 
Settlers in Canada. \s. 
Sputhey's Life of Nelgpn. u. 
Sir Roger de Coverley. \s. 



By M. J. BARRINGTON- 



BELL'S GEOGRAPHICAL READERS. 

WARD, M A. (Worcester College, Oxford). 

The Round World. (Standard II.) 

Illustrated. Cloth, lorf. 
About Epglani}, (Stat.flfird III.) 



The Child's Geography. Illus- 
trated. Stiff paper cover, (td. 
The Map and the Compass 

(Standard I ) Illustrated. Cloth, 
%d. 



With Illustrations and Coloured 
Map. Cloth, IS. i^. 



EDWARDS (F.). Examples for Analysis in Vers? ?ind Pio§e from 
well-known sources, selected and arranged by F. EDWARDS, tfeiv edition. 
Fcap. 8vo, cloth, \s. 
GOLDSMITH. The Deserted Village. Edited, witji Notes and Life, 

by c. P. MASON, B.A., F.c.p. ijh edition. Crown Svo, \s. 
HANDBOOKS OF ENGLISH JLITERATURE. Edited by j. w. 
HALES, M.A., formerly Clark Lecturer in English Litsratiue at Trinity 
College, Cambridge, Professor of Eng;liph Literature at King's College, 
London. Crown 8vo, 3^. dd. each. 

The Age of Pope. By john dennis. \Ready. 

In preparation. 
The Age of Cha.ucer. By professor hales. 
The Age of Shakespeare. By professor hales. 
The Age of Milton. By j. bass mullinger, m.a. 
The Age of Dryden. By w. qarnett, ll.d. 
The Age of Wordsworth. By professor c. h. herford, litt.d 
Other volumes to follow. 
HAZLITT ( W.y Lectures on the Literature of the Age of Elizabeth, 
Small post Svo, sewed, is. 

— Lectures on the Englisli Poets. Small post 8vp, sewed, is. 

— Lectures on the English Cpmie Writers. Small post Svo, sewed, \s, 
LAMB (C). Specimens of English Dramatic Poets of the Tiipe of 

Elizabeth. With Notes, together with the Extracts from the Garriols 
Plays. 
MASON (C. P.). Grammars by c. P. mason, b.a., f.c.p., Fellflw pf 
University College, I^ondon. 

— First Notions of Grammar for Young Learnevs, ¥c?ip, Svo. 85M 

thousand. Cloth, \s. 

— First Steps in English Grammar, for Junior Classes. Deiny igmo. 54/^ 

thousand, is. 
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MASON (C. P.). Outlines of English Grammar, for the Use of Junior 
Classes. iTih edition. 97/A thousamt. Crown 8vo, 2j. 

— English Grammar; including the principles of Grammatical Analysis. 

yifh edition, revised. 148M thousand. Crown 8vo, green cloth, 3J. dd. 

— A Shorter English Grammar, with copious and carefully graduated 

Exercises, based upon the author's English Grammar. ()th edition, ifjth 
thousand. Crown 8vo, brown cloth, 3^. bd. 

— Practice and Help in the Analysis of Sentences. Price is. Cloth. 
English Grammar Practice, consisting of tlie Exercises of the Shorter 

English Grammar published in a separate form, yd edition. Crown 8vo, 
\s. 
-^ Remarks on the Subjunctive and the so-called Potential Mood. 
(id., sewn. 

Blank Sheets Ruled and headed for A nalysis. \s. per dozen. 

MILTON : Paradise Lost. Books I., II., and III. Edited, with Notes 
on the Analysis and Parsing, and Explanatory Remarks, by c. P. .mason, 
BA., F.c.p. Crown 8vo. 

Book I. With Life, yh edition, is. 
Book il. With Life, yd edition, is. 
Book III. AVith Life. 2nd edition, is. 

— Paradise Lost. Books V -VIII. With Notes for the Use of Schools. 

Bye. M. LUMBY. 2S.6d.. 

PRICE (A. C.\ Elements of Comparative Grammar and Philology. 

For Use in Schools. By A. c. price, m.a.. Assistant Master at Leeds 
Grammar School ; late Scholar of Pembroke College, Oxford. Crown 
8vo, 2s. 6d. 
SHAKESPEARE. Notes on Shakespeare's Plays. With Introduction, 
Summary, Notes (Etymological and Explanatory), Prosody, Grammatical 
Peculiarities, etc. By T. DUFF barnett, b.a. Lond., late Second 
Master in the Brighton Grammar School. Specially adapted for the Local 
and Prelimmary Examinations. Crown 8vo, is. each. 

Midsummer Night's Dream.— Julius Caesar.— The Tempest.— 
Macbeth.— Henry V.— Hamlet.— Merchant of Venice.— King 
Richard II. — King John.— King Lear.-^ Coriolanus — Twelfth 
Night. 

"The Notes are comprehensive and concise.'' — Educational Times. 

"Comprehensive, practical, and reliable." — Sehoolmaster. 

— Hints for Shakespeare-Study. Exemplified in an Analytical Study of 

Julius Csesar. By mary grafton moberly. 2nd edition. Crown 8vo, 
sewed I J. 

— Coleridge's Lectures and Notes on Shakespeare and other EngUsh 

Poets. Edited by T. ASHE, b.a. Small post 8vo, 3j. 6</. 

— Shakespeare's Dramatic Art. The History and Character of Shake- 

spwve's Plays. ' By DR. Hermann ulrici. Translated by l. dora 
SCHMITZ. a vols, small post 8vo, y. dd. each. 

— William Shakespeare. A Literary Biography. By KARL ELZE, PH.D., 

LL.D. Translated by L. DORA SCHMITZ. Small post 8vo, ^s. 

— Hazlitt's Lectures on the Characters of Shakespeare s Plays. Small 

post 8vo, IS. 
&e BELL'S ENGLISH CLASSICS. 
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SKEAT (W. W.). Questions for Examinations in English Litera- 
ture. With a Preface containing l^rief hints on the study of English. 
Arranged by the REV. w. w. SKEAT, LITT.D., Elrington and Bosworth 
Professor of Anglo-Saxon in the University of Cambriilge. yd edition.. 
Crown 8vo, 2s. 6d. 

SMITH (C.J.) Synonyms and Antonyms of the English Language. 
Collected and Contrasted by the VEN. C. J. smith, m.a. 2nd edition, 
revised. Small post 8vo, 5^. 

— Synonyms Discriminated. A Dictionary of Synonymous Words in the 

English Language. lUustrated with Quotations from Standard Writers. 
By the late VEN. C. J. smith, m.a. With the Author's latest Corrections 
and Additions, edited by the REV. H. PERCY smith, m.a., of Balliol 
College, Oxford, Vicar of Great JBarton, Suffolk. /i,th edition. Demy 
8vo, 14J. 
TEN BRINK'S History of English Literature. Vol. I. Early English 
Literature (to Wiclif). Translated into English by HORACE M. KENNEDY, 
Professor of German Literature in the Brooklyn Collegiate Institute. 
Small post 8vo, 3^. (>d. 

— Vol. II. (Wiclif, Chaucer, Earliest Drama, Renaissance). Translated by 

W. CLARKE ROBINSON, PH.D. Small post 8vo, T,S. 6d. 

THOMSON: Spring. Edited by c. p. mason, b.a., f.c.p. With Life. 
2nd edition. Crown 8vo, is. 

— Winter. Edited by c. p. mason, B. A., f.c.p. WithLife. Crown 8vo, jj. 

WEBSTER'S INTERNATIONAL DICTIONARY of the English 

Language. Including Scientific, Technical, and Biblical Words and 
Terms, with their .Significations, Pronunci.uions, Alternative Spellings, 
Derivations, Synonyms, and numerous illustrative Quotations, with various 
valuable literary Appendices, with 83 extra pages of Illustrations grouped 
and classified, rendering the work a Complete Literary and Scientific 
Reference- Book. New edition (1890). Thoroughly revised and en- 
larged under the supervision of NOAH porter, d.d., ll.d. i vol. (2,118 
pages, 3,500 woodcuts), 4to, cloth, 3i.f. 6d. ; half calf, £2 2s. ; halfrussia, 
£2 5J-. ; calf, £2 8j. ; or in 2 vols, cloth, £1 14?. 

Prospectuses, with specitnen pages, sent post free on application. 

WEBSTER'S BRIEF INTERNATIONAL DICTIONARY. A 

Pronouncing Dictionary of the English Language, abridged from Webster's 
International Dictionary. With a Treatise on Pronunciation, List of 
Prefixes and Suffixes, Rules for Spelling, a Pronouncing Vocabulary of 
Proper Names in History, Geography, and Mythology, and Tables of 
English and Indian Money, Weights, and Measures. With 564 pages 
and 80c Illustrations. Demy 8vo, y. 
WRIGHT (T.). Dictionary of Obsolete and Provincial English, 
Containing Words from the English Writers previous to the 19th century, 
which are no longer in use, or are not used in the same sense, and Words 
which are now used only in the Provincial Dialects. Compiled by thomas 
WRIGHT, M.A., F.S.A., etc. 2 vols. 5 J. each. 
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FRENCH CLASS BOOKS. 

BOWER (A. M.), The Public Examination French Reader. With 
a Vocabulary to every extract, suitable for all Students who are preparing 
for a French Examination. By A. M. bower, f.ii.g.s., late Master in 
University College School, etc. Cloth, y. (yd. 

BARBIER (PAUL). A Graduated French Examination Course. 
By PAUL BARBIER, Lecturer in the South Wales University College, etc. 
Crown 8vo, 3^-. 

BARRERE (A.) Junior Graduated French Course. Affording Mate- 
rials for Translation, Grammar, and Conversation. By A. barrere, 
Professor R.M.A., Woolwich. \s. 6ti. 

— Elements of French Grammar and First Steps in Idioms. With 

numerous Exercises and a Vocabulary. Being an Introduction to the 
Precis of Comparative Fretich Grammar. Crown 8vo, 2s. 

— Precis of Comparative French Grammar and Idioms and Guide to 

Examinations, ^th edition, y. bd. 

— Recits Militaires. From Valmy (1792) to the Siege of Paris (1870). 

With English Notes and Biographical Notices. 2nd edition. Crown 
8vo, y. 
CLAPIN (A. C). French Grammar for Public Schools. By the 
KEV. A. c. CLAPIN, M.A., St. John's College, Cambridge, and Bachelier- 
esletlres of the University of France. Fcap. 8vo. \yh edition. ZS.6J. 
Key to the Exercises, y. dd. net. 

— French Piimer. Elementary French Grammar and Exercises for Junior 

Forms in Public and Preparatory Schools. Fcap. 8vo. \otli edition. \s. 

— Primer of French Philology. With Exercises for Public Schools. 

tth edition. Fcap. 8vo, \s. 

— English Passages for Translation into French. Crown 8vo, 2s. 6d. 

Key (for Tutors only), 45-. net. 
DAVIS (J. F.) Army Exammation Papers in French. Questions set 

at the Preliminary Examijiations for Sandhurst and Woolwich, from Nov., 

1876, to June, 1890, with Vocabulary. By J. F. DAVIS, D.LIT., M.A., 

Lond. Crown 8vo, 2s. 6d. 
DAVIS (J. F.) and THOMAS (F.). An Elementary French 

Reader. Compiled, with a Vocabulary, by j. F. davis, m.a., d.lit., 

and FERDINAND THOMAS, Assistant Examiners in the University of 

London. Crown 8vo, 2s. 
DELILLE'S GRADUATED FRENCH COURSE. 



The Beginner's own French Book. 
2s. Key, 2s. 

Easy French Poetry for Be- 
ginners. 2S. 

French Grammar. 3.f. Key, 3^. 



Repertoire des Procateurs. 3^^. 6d. 
Modeles de Poesie. 3^-. dd. 
Manuel Etymologique. 2.'. 6d. 
Synoptical Table of French 
Verbs. 61:1'. 



GASC (F. E. A.). First French Book; being a New, Practical, and 
Easy Method of Learning the Elements of tlie French Language. Jieset 
and thoroughly revised, iidth thousand. Crown 8vo, \s. 
Second French Book ; being a Grammar and Exercise Book, on a new 
and practical plan, and intended as a sequel to the " First French Book." 
^2nd thousand. Fcap. 8vo, \s. 6d. 
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GASC (F. E. A.). Key to First and Second French Books. $ih edition, 
Fcap. 8vo, 3J-. 6d. net. 

— French Fables, for Beginners, in Prose, with an Index of all the Words 

at the end of the work. Idth iliditianii. l2tilo, \s. dd. 

Select Fables of La Fontaihe. i^ih ihoasaial. Fc&p. 8V0, Ij. 6^. 

Histoires Amusantes et IilstrUctiVes ; or, Selectibiis of Coiilplete 

Stories from the best French tnodern authors, who have written for the 
young. With English notes. 11th thousand. Fcdp. 8vo, 2J. 

Practical Guide to Modern Fterlch Conversation, cbntaining: — 

I. The most current and useful Phrases in Everyday Talk. II. Every- 
body's necessary Questions and Answers in Travel-Talk, igrt edition, 
Fcap. 8vo, \s. hd, . , « 

— French Poetry for the Young. With Notes, and preceded by a few 

plain Rules of French' Prosody, ^th edition, revised. Fcap. 8vo, \s. itd. 

— French Prose Composition, Materials for. With copious footnotes, and 

hints for idiomatic renderings. 2.\it thousand. Fcap. 8vo, 3^. 
Key. 2nd edition. 6s. net. 

— Prosateurs Contemporains ; or. Selections in Prose chiefly froni con- 

temporary French literature. With notes, llih edition. i2mo,y.'bd: 

— Le Petit Compagnon ; a French Talk-Bdok for Little Children. 14M 

edition. i6mo, i.'. td. 

— French and English Dictionary, with upwards 6f Fifteen Thousahd 

new words, senses, &C., hitherto unpublishedi %th editibn, with numerous 
additions and corrections. In one vol. 8vO, cloth, ios. 6d. In use at 
Harrow, Rugby, Shrewsbury, &c. 

— Pocket Dictionary of the French and English Lahguages ; for the every- 

day purposes of Travellers and Students. Containing more than Five 
Thousand modern and current words; sehses, and idiomatic phrises 
and renderings, not found in any other dictiohJtty of the two languages. 
New edition, ^ist thousiind. ibmO, cloth, 2s. (yd. 
GOSSET (A.). Manual of French Prosody foi: the use of English 
Studeilts. By ARTHUR GOSSET, M.A., Fellow of New College, Oxford. 
Crown 8vo, 3-f. , 

"This is the very book we have been looking for. We hailed the title 
with delight, and were not disappointed by the perusal. The reader who 
has mastered the contents will kiiow, what not one in a thousand o\ 
Englishmen who read French knows, the rules of French poetry." — 
journal of Education. 

LE NOUVEAU TRESOR ; designed to facilitate the Translation o( 
English into French at Sight. By M. E. s. i&th edition. Fcap. 8vO, 
IS. dii. 

STEDMAN (A. M. M.). French Examination Papers irt Miscel- 
laneous Grammar and Idioms. Compiled by A. M. M. STEDMAN, M.A. 
^th edition. Crown 8vo, 2s. 6d. 
A Key. By G. A. schrumpf. For Tutors only. 6s. net. 

— Easy French Passages for Unsfeell Translation. Fcap. 8vo, u. 6d. 

— Easy French Exercises oh Elementary Syntax. Crown Svo, 2S. 6d. 

— First French Lessons. CrowH 8vb, is. 

— Ffefach Vocabularies for Repetitibii. Fcsip. 8vb, is. 
-- Steps to French. iitt\o, 8d. 
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tRENCM ANMOTAtED EDITIONS. 

BALZAC, tfrsuie Mirouet. By HoNoRfi UE 6ALZAC. Edited, with 
Introduction and Notes, by James boielle, B.-es-L., Senior French 
Master, Dulwich College. 35. 

CLARETIE. Pierrille. By jules Clar^tie. With 27 Illustrations. 
Edited, with Introduction and Notes, by james boielle, B.-es-L. 25. 6</. 

DAUDET. La Belle Nivernaise. Histoire d'un vieux bateau et de son 
equipage. By ALPHONSE DAUDET; Edited, with Introduction and 
Notes, by JAMES boielle, b. -es-L. With Six Illustrations. 2s. 

F^NELON. Avehtures de Tel^maque. Edited by c. j. delille. 

4M edition, Fcap. 8vo, zs. 6d. 
GOMfiERT'S FRENCH DRAMA. Re-edited, with Notes, by F. e. a. 

gaSC. Sewed, 6d. each. 

MOLIERE. 



Le Misanthrope. 


Les Fourberies de Scapin. 


L*Avare. 


Les Precieuses Ridicules. 


Le Bourgeois Gentilhomme. 


L'Ecole des Femmes. 


Le taituffe. 


L'Ecole des Maris. 


Le Malade Imaginaire. 


Le Medecin Malgre Lui. 


Les Femmes Savantes. 




RACINE. 


La Thebaide, ou Les Fieres 


Britannicus. 


Ennemis. 


Phfedre. 


Andromaque. 


Esther. 


Les Plaideurs. 


Athalie. 


Iphiginie. 




CORNEILLE. 


Le Cid. Cinna. 


Horace. 


Polyeucte. 



VOLTAIRE.— Zaire. 
GREVILLE. Le Moulin Firippier. By henry greville. Editedj 

with Inttoduction and Notes, by james boielle, B.-es-L. y. 
HUGO. Bug Jargal. Edited, with Introduction and Notes, by james 

BOIELLE, B.-es-L. y. 
LA FONTAINE. Select Fables. Edited by F. E. A. gasc. 19M 

thousand. Fcap. 8vo, is. 6d: 
LAMARTINE. Le Tailleur de Pierres de Saint-Point. Edited with 

Notes by james Boielle, B.-es-L. bih thousand. Fcap. 8vo, is. (>d. 
SAINTINE-. Picciola. Edited by dr. dubuc. idlh thousand. Fcap. 

8vo, \s. 6d. 
VOLTAIRE. Charles XII. Edited by L. direy. '!th edition. Fcap. 

8vo, i^. 6d. 

GERMAN CLASS BOOKS. 

BUCHHEIM (DR. C. A.). Gerrtian Prose Compositioh. Consist- 
ing of Selections from Modern Etiglish Writers. With grammatical notes, 
idiomatic renderings^ and general introduction. By c. A. JJUCHHEIM, I'H d. , 
Professor of the German Language and Literature in Kitig's College, and 
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Examiner in German to the London University. 14M edition, enlarged and 
revised. With a list of subjects for original composition. Fcap. 8vo, 41. dd. 
A Key to the 1st and 2nd parts, yd edition, y. net. To the 3rd and 
4th parts. 4J. net. 
BUCHHEIM (DR. C. A.). First Book of German Prose. Being 
Parts I. and II. of the above. With Vocabulary by H. R. Fcap. 8vo, \s. b'd. 
CLAPIN (A. C). A German Grammar for Public Schools. By the 
REV. A. c. CLAPIN, and F. HOLL-MULLER, Assistant Master at the Bruton 
Grammar School, dth edition. Fcap. 8vo, 2s. td. 
— A German Primer. With Exercises. 2nd edition. Fcap. 8vo, \s. 
German. The Candidate's Vade Mecum. Five Hundred Easy 
Sentences and Idioms. By an Army Tutor. Cloth, \s. For Army 
Prelim. Exam. 
LANGE (F.). A Complete German Course for Use in Public Schools. 
By F. LANGE, PH.D., Professor R. M.A. Woolwich, Examiner in German 
to the College of Preceptors, London ; Examiner in German at the Victoria 
University, Manchester. Crown 8vo. 
Concise German Grammar. With special reference to Phonology, 
Comparative Philology, English and German Equivalents and Idioms. 
Comprising Materials for Translation, Grammar, and Conversation. 
Elementary, 2s. ; Intermediate, 2s. ; Advanced, 3^. 6d, 
Progressive German Examination Course. Comprising the Elements 
of German Grammar, an Historic Sketch of the Teutonic Languages, 
English and German Equivalents, Materials for Translation, Dictation, 
Extempore Conversation, and Complete Vocabularies. I. Elementary 
Course, 2s. II. Intermediate Course, 2s. III. Advanced Course. 
Second revised edition. \s. (>d. 
Elementary German Reader. A Graduated Collection of Readings in 
Prose and Poetry. With English Notes and a. Vocabulary. 4//; 
edition. \s. 6d. 
Advanced German Reader. A Graduated Collection of Readings in 
Prose and Poetry. With Englfsh Notes by F. LANGE, PH.D., and 
J. F. DAVIS, D.LIT. 2nd edition. 3j. 
MORICH (R. J ). German Examination Papers in M isceIlaneoi\s 
Grammar and Idioms. By R. J. MORICH, Manchester Grammar School. 
2nd edition. Crown 8vo, 2s. bd. A Key, for Tutors only. Jj. net. 
STOCK (DR.). Wortfolge, or Rules and Exercises on the order of Words 
in German Sentences. Wi^th <i Vocabulary. By the late FREDERICK 
STOCK, D.LIT., M.A. Fcap.' 8vo, \s. 6d. 

KLUGE'S Etymological Dictionary of the German Language. 
Translated by J. F. Davis, d.lit. (Lond.). Crown 410, 18^. 

GERMAN ANNOTATED EDITIONS. 

AUERBACH (B.). Auf Wache. Novelle von berthold auerbach. 

Der Gefrorene Kuss. Novelle von otto roquette. Edited by a. a. 

MACDONELL, M.A., PH.D. 2nd edition. Crown 8vo, 2s. 
BENEDIX (J. R.). Doktor Wespe. Lustspiel in fiinf Aufziigen von 

JULIUS RODERICK BENEDIX. Edited by professor F. LANGE, PH.D. 

Crown 8vo, 2s. bd. 



Educational Catalogue. 33 

EBERS (G.). EineFrage. Idyll von georg ebers. Edited by f. storr, 
B.A., Chief Master of Modern Subjects in Merchant Taylors' School. 
Crown 8vo, is. 

FREYTAG (G.). Die Journalisten. Lustspiel von gustav kreytag. 
Edited by PROFESSOR F. LANGE, ph.d. i^hrevisededition. CrownSvo, 2j. dd. 

SOLL UND HABEN. Roman von gustav freytag. Edited by 

w. HANBY CRUMP, M.A. Crown 8vo, Is. dd. 

GERMAN BALLADS from Uhland, Goethe, and Schiller. With Intro- 
ductions, Copious and Biographical Notices. Edited by C. L. BIELEFELD. 
^th edition. Fcap. 8vo, is. td. 

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen, von 
A. F. C. VILMAR. II. Walther und Hildegund, von ALBERT richter. 
Edited by KARL neuhaus, ph.d., the International College, Isleworth. 
Crown 8vo, 2s. 6d. 

GOETHE. Hermann und Dorothea. Withlntroduction, Notes, and Argu 
ments. By E. bell, m.a. , and K. wolfel. 2nd edition. Fcap. 8vo, is. td. 

GOETHE FAUST. Part I. German Text with Hayward's Prose 
Translation and Notes. Revised, With Introduction by c. A. BUCHHEim, 
PH.D., Professor of German Language and Literature at King's College, 
London. Small post 8vo, 5^. 

GUTZKOW (K.). Zopf und Schwert. Lustspiel von K a rl gutzkow. 
Edited by professor f. lange, ph.d. Crown 8vo, 2s. 6d. 

HEY'S FABELN FUR KINDER. Illustrated by o. speckter. 
Edited^ with an Introduction, Grammatical Summary, Words, and a com- 
plete Vocabulary, by professor f. lange, ph.d. Crown 8vo, is. td. 

— The same. With a Phonetic Introduction, and Phonetic Transcription of 

the Text. By PROFESSOR F. LANGE, PH.D. Crown 8vo, 2s. 
HEYSE (P.). Hans Lange. Schau'^piel von paul heyse. Edited by 

A. A. MACDONELL, M.A., PH.D., Taylorian Teacher, Oxford University. 

Crown 8vo, 2s. 
HOFFMANN (E. T. A,). Meisttr Martin, der Kiifner. Erzahlung 

von E. T. A. HOFFMANN. Edited by F. LANGE, PH.D. 2nd edition. 

Crown 8vo, l^. isd. 
MOSER (G. VON). Der Bibliothekar. Lustspiel von G. von moser. 

Edited by F. lange, ph.d. 4M edition. Crown 8vo, 2s. 
ROQUETTE (O.). &« Auerbach. 
SCHEFFEL (V. VON). Ekkehard. Erzahlung des zehnten Jahr- 

hunderts, von victor von scheffel. Abridged edition, with Intro- 
duction and Notes' by HERMAN hager, ph.d., Lecturer in the Gerrnan 

Language and Literature in The Owens College, Victoria University, 

Manchester. Crown 8vo, 3^-. 
SCHILLER'S Wallenstein. Complete Text, comprising tlie V\,feimar 

Prologue, Lager, Piccolomini, and Wallenstein's Tod. Edited by DR. 

BUCHHEIM, Professor of German in King's College, London, dlh edition. 

Fcap. 8vo, t,s. Or the Lager and Piccolomini, 2s. 6d. Wallenstein's 

Tod, 2s. 6d. 

— Maid of Orleans. With English Notes by DR. wilhelm wagner. 3'vj 

edition. Fcap. 8vo, is. 6d. 

— Maria Stuart. Edited by v. kastner, B.-es-L., Lecturer on French 

Language and Literature at Victoria University, Manchester, ydedition. 
Fcap. 8vo, IS. 6d. 

c 
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ITALIAN. 

CLAPIN (A. C). Italian Primer. With Exercises. By the rev. A. c. 

CLAPIN, M.A., B.-es-L. yd edition. Fcap. 8vo, is. 
DANTE. The Inferno. A Literal Prose Translation, with the Text of the 

Original collated with the best editions, printed on the same page, and 

Explanatory Notes. By JOHN A. carlyle, m.d. With Portrait. 2nd 

edition. Small post 8vo, 5^. 

— The Purgatorio. A Literal Prose Translation, with the Text of Bianchi 

printed on the same page, and Explanatoiy Notes. By w. s. dugdale. 
Small post 8vo, S^. 

BELL'S MODERN TRANSLATIONS. 

A Series of Translations from Modern Languages, with Memoirs, 

Introductions, etc. Crown Bvo, is. each. 
GOETHE. Egmont. Translated by anna bwanwick. With Memoir. 

— Iphigenia in Tauris. Translated by anna swanwick. With Memoir. 
HAUFF. The Caravan. Translated by s. mendel. With Memoir. 

— The Inn in the Spessart. Translated by s. MENDEL. With Memoir. 
LESSING. Laokoon. Translated by E. c. beasley. With Memoir. 

— Nathan the Wise. Translated by R. Dillon boylan. With Memoir. 

— Minna von Barnhelm. Translated by ERNEST bell, m.a. With 

Memoir. 

MOLIERE. The Misanthrope. Translated by c. heron wall. With 
Memoir. 

— The Doctor in Spite of Himself. (Le Medecin malgre lui). Trans- 

lated by c. heron wall. With Memoir. 

— Tartuffe ; or. The Impostor. Translated by c. heron wall. With 

Memoir. 

— The Miser. (L'Avare). Translated by c. HERON WALL. With Memoir. 

— The Shopkeeper turned Gentleman. (Le Bourgeois Gentilhomme). 

Translated by c. HERON WALL. With Memoir. 
RACINE. Athalie. Translated by R. BRUCE BOSWELL, M.A. With 
Memoir. 

— Esther. Translated by R. BRUCE BOSWELL, m.a. With Memoir. 
SCHILLER. William Tell. Translated by sir Theodore martin, 

K.C.B., i.L.D. Neta edition , entirely revised. With Memoir. 

— The Maid of Orleans. Translated by ANNA swanwick. With Memoir. 

— Mary Stuart. Translated by J. hellish. With Memoir. 

^* ^ For other Translations of Modern Languages, see the Catalogue of 
Bohn's Libraries, which will be forwarded on application. 

SCIENCE, TECHNOLOGY, AND ART, 

CHEMISTRY. 

STOCKHARDT (J. A.). Experimental Chemistry. Founded on the 
work of J. a. STOCKHARDT. A Handbook for the Study of Science by 
Simple Experiments. By c. w. heaton, f.i.c, f.c.s., Lecturer in 
Chemistry in the Medical School of Charing Cross Hospital, Examiner in 
Chemistry to the Royal College of Physicians, etc. Revised edition, ^s. 
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WILLIAMS (W. M.). The Framework of Chemistry. Parti. Typical 
Facts and Elementary Theory. By w. M. Williams, m.a., St John's 
College, Oxford ; Science Master, King Henry VHI.'s School, Coventry. 
Crown 8vo, paper boards, gr/. net. 



BOTANY. 

EGERTON-WARBURTON (G.). Names and Synonyms of British 
Plants. By the rev. g. eoerton-warborton. Fcap, 8vo, y. 6d. 
( Uniform with Hayward's Botanist'' s Pocket Book. ) 

HAYWARD (W. R.). The Botanist's Pocket-Book. Containing in 
a tabulated form, the chief characteristics of British Plants, witli the 
botanical names, soil, or situation, colour, growth, and time of flowering 
of every plant, arranged under its own order ; with a copious Index. 
By w. R. HAYWAKD. bth edition, revised. Fcap. 8vo, cloth limp, 4^^. dd. 

MASSEE (G.). British Fungus-Flora. A Classified Text-Book of 
Mycology. By george massee. Author of " The Plant World." With 
numerous Illustrations. 3 vols, post 8vo. Vols. I., II., and III. ready, 
"js. td. each. Vol. IV. in the Press. 

SOWERBY'S English Botany. Containing a Description and Life-size 
Drawing of every British Plant. Edited and brought up to the present 
standard of scientific knowledge, by T. BOSWELL (late svme), ll.d., 
F.L.s. , etc. yd edition, entirely revised. With Descriptions of all the 
Species by the Editor, assisted by N. E. brown. 12 vols., with 1,937 
coloured plates, £2^ y. in cloth, ^^26 lis. in half-morocco, and £y) 9s, 
in whole morocco. Also in 89 parts, 5^., except Part 89, containing 
an Index to the whole work, 7j-. 6d. 

,*» A Supplement, to be completed in 8 or 9 parts, is now publishing. 
Parts I., If., and III. ready, fj. each, or bound together, making 
Vo). XIII, of the complete V orU, 17J. 

TURNBULL (R.). Index of British Plants, according to the London 
Catalogue (Eighth Edition), including the Synonyms used by the principal 
authors, an Alphabetical List of English Names, etc. By ROBERT 
TURNBULL. Paper cover, 2s. 6d., cloth, 3J-. 



GEOLOGY. 

JUKES-BROWNE (A. J.). Student's Handbook of Physical Geo- 
logy. By A. J. JUKES-BROWNE, B.A., F.G.S., of the Geological Survey of 
England and Wales. With numerous Diagrams and Illustrations. 2nd 
edition, much enlarged, ys. 6d. 

— Student's Handbook of Historical Geology. With numerous Diagrams 

and Illustrations.. 6s. 

"An admirably planned and well executed 'Handbook of Historical 
Geology.' " —Journal of Education. 

— The Building of the British Isles. A Study in Geographical Evolution. 

With Maps. 2nd edition revised, "js. dd. 
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MEDICINE. 

CARRINGTON (R. E.), and LANE (W. A.). A Manual of Dissec 
tions of the Human Body. By the late R. E. caerington, m.d. 
(Lend.), F.R.C.P., Senior Assistant Physician, Guy's Hospital. 2nd 
edition. Revised and enlarged by w. arbuthnot lane, M.S., f.r.c.s., 
Assistant Surgeon to Guy's Hospital, etc. Crown 8vo, <)s. 

" As solid a piece of work as ever was put into a book ; accurate from 
beginning to end, and unique of its kind." — British Medical Journal. 

HILTON'S Rest and Pain. Lectures on the Influence of Mechanical and 
Physiological Rest in the Treatment of Accidents and Surgical Diseases, 
and the Diagnostic Value of Pain. By the late JOHN HILTON, F.R.S., 
F.R.C.S., etc. Edited by w. H. A. jacobson, m.a., m.ch. (Oxon.), 
F. R. c. s. ^th edition, ^s. 

HOBLYN'S Dictionary of Terms used in Medicine and the Collateral 
Sciences. 12th edition. Revised and enlarged by J. A. P. PRICE, B.A., 
M.D. (Oxon.). iQs. 6d. 

LANE (W. A.). Manual of Operative Surgery. For Practitioners and 
Students. By w. arbu'I'Hnot lane, m.b., M.S., f.r.c.s., Assistant 
Surgeon to Guy's Hospital. Crown 8vo, 8j. 6d. 

SHARP (W.) Therapeutics founded on Antipraxy, By William 
SHARP, M.D., F.R.s. Demy 8vo, 6s. 

BELL'S AGRICULTURAL SERIES. 

In crown 8vo, Illustrated, t.6o pages, cloth, 2S. 6d. each. 

CHEAL (J.). Fruit Culture. A Treatise on Planting, Growing, Storage 
of Hardy Fruits for Market and Private Growers. By J. CHEAL, F.R.H.S., 
Member of Fruit Committee, Royal Hort. Society, etc. 

FREAM (DR.). Soils and their Properties. By dr. William fream, 
B.sc. (Lond.)., F.L.S., F.G.S., F.S.S., Associate of the Surveyor's Institu- 
tion, Consulting Botanist to the British Dairy Farmers' Association and 
the Royal Counties Agricultural Society ; Prof, of Nat. Hist, in Downton 
College, and formerly in the Royal Agric. Coll., Cirencester. 

GRIFFITHS (DR.). Manures and their Uses. By DR. A. B. Griffiths, 
F.R.S.E., F.c.s. , late Principal of the School of Science, Lincoln ; Membre 
* de la Societe Chimique de Paris ; Author of " A Treatise on Manures," 
etc. , etc. In use at Downton College. 

— The Diseases of Crops and their Remedies. 

MALDEN (W. J.). Tillage and Implements. By w. j. mAlden, 
Prof, of Agriculture in the College, Downton. 

SHELDON (PROF.). The Farm and the Dairy. By professor. 
J. P. SHELDON, formerly of the Royal Agricultural College, and of the 
Downton College of Agriculture, late Special Commissioner of the 
Canadian Government . Jti use at Downton College. 

Specially adapted for Agricultural Classes. Crown 8vo. Illustrated. \s. each. 
Practical Daiiy Farming. By professor Sheldon. Reprinted from the 

author's larger work entitled " The Farm and the Dairy." 
Practical Fruit Growing. By j. cheal, f.r.h.s. Reprinted from the 

author's larger work, entitled " Fruit Culture." 
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TECHNOLOGICAL HANDBOOKS. 

Edited by Sir H. Trucman Wood. 
Specially adapted for candidates in the examinations of the City Guilds 
Institute. Illustrated and uniformly printed in small post 8vo. 
BEAUMONT (R.). Woollen and Worsted Cloth Manufacture. By 

ROBERTS BEAUMONT, Professor of 'I'extile Industry, Yorkshire College, 

Leeds ; Examiner in Cloth Weaving to the City and Guilds of London 

Institute. 2nd edition, "js. 6d. 
BENEDIKT (R), and KNECHT (E.). Coal-tar Colours, The 

Chemistry of. With special reference to their application to Dyeing, etc. 

By DR. R. BENEDIKT, Professor of Chemistry in the University of Vienna. 

Translated by E. knecht, ph.d. of the Technical College, Bradford. 

2nd and enlarged edition, 6s. 6d. 
CROOKES(W.). Dyeing and Tissue-Printing. By William crookes, 

F.R.S., v.p.c.s. 5J-. 
GADD (W. L.). Soap Mauufacture. By w. Lawrence gadd, f.i.c, 

F.C.S., Registered Lecturer on Soap-Making and the Technology of Oils 

and Fats, also on Bleaching, Dyeing, and Calico Printing, to the City and 

Guilds of London Institute, e^s. 
HELLYER (S. S.). Plumbing: Its Principles and Practice. By 

S. STEVENS HELLYER. Wilh numerous Illustrations, ^s. 
HORNBY (J.). Gas Manufacture. By j. HORNBY, f.i.c. Lecturer 

under the City and Guilds of London Institute. [Preparing. 

HURST (G.H.). Silk-Dyeing and Finishing. By G. h. hurst, F.c.s., 

Lecturer at the Manchester Technical School, Silver Medallist, City and 

Guilds of London Institute. With Illustrations and numerous Coloured 

Patterns. 7^. 6d. 
JACOBI (C. T.). Printing. A Practical Treatise. By C. T. JACOBI, 

Manager of the Chiswick Press, Examiner in Typography to the City and 

Guilds of London Institute. With numerous Illustrations. <,s. 
MARSDEN (R.). Cotton Spinning: Its Development, Principles, 

and Practice, with Appendix on Steam Boilers and Engines. By R. 

MARSDEN, Editor of the " Textile Manufacturer." /^h edition. 6s. 6d. 
— Cotton Weaving With numerous Ilhistraiions. [In the press. 

POWELL (H.), CHANCE (H.), and HARRIS (H. G.). Glass 

Manufacture. Introductory Essay, by H. powell, h.a. (Whitefriars 

Glass Works) ; Sheet Glass, by henry chance, m.a. (Chance Bros., 

Birmingham) : Plate Glass, by H. G. Harris, Assoc. Memb. Inst. 

C.E. y. 6d. 
ZAEHNSDORF (J. W.) Bookbinding. By J. w. zaehnsdorf, 

Examiner in Bookbinding to the City and Guilds of London Institute. 

With 8 Coloured Plates and numerous Diagrams. 2nd edition, revised 

and enlarged. t,s. 

* ^* Complete List of Technical Books ofi Application. 

MUSIC. 
BANISTER (H. C). A Text Book of Music : By H. c. banister. 
Professor o% Harmony and Composition at the R. A . of Music, at the Guild 
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BANISTER (H. C.)—conlmuecl. 

hall School of Music, and at the, Royal Normal Coll. and Acad, of Music 
for the Blind. 15M edition. Fcap. Svo. ^s. 

This Manual contains chapters on Notation, Harmony, and Counterpoint ; 
Modulation, Rhythm, Canon, Fugue, Voices, and Instruments ; together 
with exercises on Harmony, an Appendix of Examination Papers, and a 
copious Index and Glossary of Musical Terms. 

— Lectures on Musical Analysis. Embracing Sonata Form, Fugue, 

etc., Illustrated by the Works of the Classical Masters. 2.nd edition, 
revised. Crown Svo, "Js. dd. 

— Musical Art and Study : Papers for Musicians. Fcap. Svo, 2s. 
CHATER (THOMAS). Scientific Voice, Artistic Singing, and 

Effective Speaking. A Treatise on the Organs of the Voice, their 
Natural Functions, Scientific Development, Proper Training, and Artistic 
Use. By tho.mas chater. With Diagrams. Wide fcap. is. 6d. 
HUNT (H. G. BONAVIA). A Concise History of Music, from the 
Commencement of the Christian era to the present time. For the use of 
Students. By rev. h. g. bonavia hunt, Mus. Doc. Dublin ; Warden 
of Trinity College, London ; and Lecturer on Musical History in the same 
College, ly/i edition, revised to date (1895). Fcap. Svo, y. 6d. 

ART. 

BARTER (S.) Manual Instruction — Woodwork. By s. barter 
Organizer and Instructor for the London School Board, and to the Joint 
Committee on Manual Training of- the School Board for London, the City 
and Guilds of London Institute, and the Worshipful Company of Drapers. 
With over 300 Illustrations. Fcap. 4to, cloth, Js. 6d. 
BELL (SIR CHARLES). The Anatomy and Philosophy of Expres- 
sion, as connected with the Fine Arts. By SIR Charles bell, k.h. 
"Jth edition, revised. $s. 
BRYAN'S Biographical and Critical Dictionary of Painters and 
Engravers. With a List of Ciphers, Monograms, and Marks. Anew 
Edition, thoroughly Revised and Enlarged. By R. E. GRAVES and 
WALTER ARMSTRONG. 2 volumes. Imp. Svo, buckram, 3/. 3^. 
CHEVREUL on Colour. Containing the Principles of Harmony and Con- 
trast of Colours, and their Application to the Arts, ^rd edition, with 
Introduction. Index and several Plates. Sj. — With an additional series 
of 16 Plates in Colours, ^s. 6d. 
iJELAMOTTE (P. H.). The Art of Sketching from Nature. By P. 
H. DELAMOTTE, Professor of Drawing at King's College, London. Illus- 
trated by Twenty-four Woodcuts and Twenty Coloured Plates, arranged 
progressively, from Water-colour Drawings by PROtJT, E. w. COOKE, R.A., 
GIRTIN, VARLEY, DE wiNT, and the Author. New edition. Imp. 410, 21s. 
FLAXMAN'S CLASSICAL COMPOSITIONS, reprinted in a cheap 
form for the use of Art Students. Oblong paper covers, 2s. td. each. 
The Iliad of Homer. 39 Designs. 
The Odyssey of Homer. 34 Designs. 
The Tragedies of .ffilschylus. 36 Designs. 
The "Works and Days" an4 " Tljeogony " of Hesiod. 37 

Designs. 
Select Compositions from Datite's Divine Dramrf. 37 Designs. 
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FLAXMAN'S, Lectures on Sculpture, as delivered before the President 

and Members of the Royal Academy. With Portrait and 53 plates. 6^. 
HEATON (MRS.). A Concise History of Painting. By the late MRS. 

CHARLES HEATON". New edition. Revised by COSMO monkhouse. 5^-. 
LELAND (C. G.i. Drawing and Designing. In a series of Lessons 

for School use and Self Instruction. By CHARLES G. LELAND, M.A., 

F.R.L.S. Paper cover, \s. ; or in cloth, \s. bd. 

— Leather Work : Stamped, Moulded, and Cut, Cuir-Bouilie, Sewn, etc. 

With numerous Illustrations. Fcap. 4to, 5^-. 

— Manual of Wood Carving. By Charles g. leland, m.a., f.r.l.s. 

Revised by J. j. holtzapffel, a.m. inst.c.e. With numerous Illustra- 
tions. Fcap. 4to, 5j. 

— Metal Work With numerous Illustrations. Fcap. 4to, <iS. 
LEONARDO DA VINCI'S Treatise on Painting. Translated from 

the Italian by j. F. rigaud, r.a. With a Life of Leonardo and an 
Account of his Works, by J. W. BROWN. With numerous Plates. 5^. 

MOODY (F. W. \ Lectures and Lessons on Art. By the late F. w. 
MOODY, Instructor in Decorative Art at South Kensington Museum. With 
Diagrams to illustrate Composition and other matters. A new and cheaper 
edition. Demy 8vo, sewed, 4-f. dd. 

WHITE (GLEESON). Practical Designing: A Handbook on the 
Preparation of Working Drawings, showing the Technical Methods em- 
ployed in preparing them for the Manufacturer and the Limits imposed on 
the Design by the Mechanism of Reproduction and the Materials employed. 
Edited by gleeson white. Freely Illustrated. 2nd edition. Crown 
8vo, ds. net. 

Contents: — Bookbinding, by H. orrins.mith— Carpets, by Alexander 
MILLAR — Drawing for Reproduction, by the Editor — Potteiy, by w. p. 
Rix — Metal Work, by R. LL. rathbone— Stained Glass, by selwyn 
IMAGE — Tiles, by OWEN carte'r — Woven Fabrics, Printed Fabrics, and 
Floorcloths, by Arthur silver — Wall Papers, by G. c. hait£. 

MENTAL, MORAL, AND SOCIAL 
SCIENCES. 

PSYCHOLOGY AND ETHICS. 

ANTONINUS (M. Aurelius). The Thoughts of. Translated literally, 
with Notes, Biographical Sketch, Introductory Essay on the Philosophy, 
and Index, by george long, m.a. Revised edition. Small post 8vo, 
y. 6d. , or new edition on Handmade paper, biukram, (ss. 

BACON'S Novum Organum and Advancement of Learning. Edited, 
with Notes, by j. devey, m.a. Small post 8vo, 5^. 

EPICTETUS. The Discourses of. With the Encheiridion and Frag- 
ments. Translated with Notes, a Life of Epictetus, a View of his Philo- 
,sophy, and Index, by george long, m.a. Small post 8vo, 5j., ornew 
eaition on Handmade paper, 2 vols., bitckram, loi. 6a'. 

KANT'S Critique of Pure Reason. Translated by j. M. D. meiklejohn. 
Professor of Education at St. Andrew's University. Small post 8vo, Jj. 

— Prolegomena and Metaphysical Foundations of Science. With 
Life. Translated by E. belfort bax. Small post 8vo, 51-. 
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LOCKE'S Philosophical Works. Edited by j. A. ST. JOHN. 2 vols. 
Small post 8vo, 3^ . 6d. each. ' 

RYLAND (F.). The Student's Manual of Psychology and Ethics, 
designed chiefly for the London B.A. apd B.Sc. By F. RYLAND, m.a., 
late Scholar of St. John's College, Cambridge. Cloth, red edges. 5M 
edition, revised and enlarged. With lists of books for Students, and 
Examination Papers set at London University. Crown 8vo, y. 6d. 

— Ethics : An Introductory Manual for the use of University Students. 

With an Appendix containing List of Books recommended, and Exami- 
nation Questions. Crown 8vo, 3^. (>d. 
SCHOPENHAUER on the Fourfold Root of the Principle of Suffi- 
cient Reason, and On the Will in Nature. Translated by madame 
HILLEBRAND. Small post 8vo, $s. 

— Essays. Selected and Translated. With a Biographical Introduction 

and Sketch of his Philosophy, by E. BBLFORT bax. Small post 8vo, c,s. 
SMITH (Adam). Theory of Moral Sentiments. With Memoir of tlie 

Author by DHGAI-D STEWART. Small post 8vo, 3.V. 6d. 
SPINOZA'S Chief Works. Translated with Introduction, by r. h. m. 
Ei.WES. 2 vols. Small post 8vo, 5^. each. 

Vol. I. — Tractatus Theologico-Politicus — Political Treatise. 
II. — Improvement of the Understanding — Ethics — Letters. 

HISTORY OF PHILOSOPHY. 

BAX (E. B.). Handbook of the History of Philosophy. By E. bel- 

FORT BAX. 2nd edition, revised. Small post 8vo, 5^. 
DRAPER (J. W.). A History of the Intellectual Development of 

Europe. By JOHN william draper, m.d , ll.d. With Index. 2 

vols. Small post 8vo, 5J each. 
HEGEL'S Lectures on the Philosophy of History. Translated by 

J. sibree, m.a. Small post 8vo, 5^. 

LAW AND POLITICAL ECONOMY. 

KENT'S Commentary on International Law. Edited by j. T. abdy, 
ll.d., Judge of County Courts and Law Professor at Gresham College, 
late Regius Professor of Laws in the University of Cambridge. 2nd 
edition, revised and brought doimi to a recent date. Crown 8vo, lor. dd. 

LAWRENCE (T. J.). Essays on tome Disputed Questions in 
Modern International Law. By T. j. Lawrence, m.a., ll.m. 2nd 
edition, revised and enlarged. Crown 8vo, 6j. 

— Handbook of Public International Law. 2nd edition. Fcap. 8vo, 3^. 
MONTESQUIEU'S Spirit of Laws. A New Edition, revised and 

corrected, with D'Alembert's Analysis, Additional Notes, and a Memoir, 
by J. V. pritchard, a.m. 2 vols. Small post 8vo, 3^-. dd. each. 

RICARDO on the Principles of Political Economy and Taxation. 
Edited by E. c. K. gonner, m.a., Lecturer in University College, 
Liverpool. Small post 8vo, 5J. 

SMITH (Adam). The Wealth of Nations. An Inquiry into the Nature 
and Causes of. Reprinted from the Sixth Edition, wiih an Introduction 
by ERNEST BELFORT BAX. 2 vols. Small post 8vo, 3^. dd. each. 
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HISTORY. 

BOWES (A.). A Practical Synopsis of English History; or, A 
General Summary of Dates and Events. By ARTHUR bovves. xoth 
edition. Revised and brought down to the present time. Demy 8vo, \s. 

COXE (W.). History of the House of Austria, 1218-1792. By 
ARCHDN. COXE, M.A., F.R.S. Together with a Continuation from the 
Accession of Francis I. to the Revolution of 1848. 4 vols. Small post 
8vo. y. dd. each. 

DENTON (W.). England in the Fifteenth Century. By the late 
REV. w. DENTON, M.A., Worcester College, Oxford. Demy 8vo, I2j. 

DYER (Dr. T. H.). History of Modern Europe, from the Taking of 
Constantinople to the Establishment of the German Empire, A.D. 14S3- 
1871. By DR. T. H. DYER. A new edition. In 5 vols. £2 I2r. dd. 

GIBBON'S Decline and Fall of the Roman Empire. Complete and 
Unabridged, with Varionmi Notes. Edited by an English Churchman. 
With 2 Maps. 7 vols. Small post 8vo, 3^. (>d. each. 

GREGOROVIUS' History of the City of Rome in the Middle Ages. 
Translated by ANNIE HAMILTON. Vols. I. and II. Crown %soj(is. each net. 

GUIZOT'S History of the English Revolution of 1640. Translated by 
WILLIAM HAZLITT. Small post 8vo, y. 6J. 

— History of Civilization; from the Fall of the Roman Empire to the 

French Revolution. Translated by WILLIAM HAZLITT. 3 vols. Small 
post 8vo, y. 6d. each. 
HENDERSON (E. F.). Select Historical Documents of the Middle 
Ages. Including the most famous Charters relating to England, the 
Empire, the Church, etc., from the sixth to the fourteenth centuries. 
Translated and edited, with Introductions, by ERNEST F. Henderson, 
A.B., A.M., PH.D. Small post 8vo, 5^. 

— A History of Germany in the Middle Ages. Post 8vo, "]!. 6d. net. 
HOOPER (George). The Campaign of Sedan : The Downfall of the 

Second Empire, August-September, 1870. By GEORGE hooper. With 
General Map and Six Plans of Battle. Demy 8vo, I4r. 

— Waterloo : The Downfall of the First Napoleon: a History of the 

Campaign of 1815. With Maps and Plans. Small post 8vo, 3J. bd. 
LAMARTINE'S Histc-y of the Girondists. Translated by H. r. ryde. 
3 vols. Small post 8vo, 3^. 6d. each. 

— History of the Restoration of Monarchy in France (a Sequel to his 

History of the Girondists). 4 vols. Small post 8vo, y. 6d. each. 

— History of the French Revolution of 184!). Small post 8vo, y. 6d. 
LAPPENBERG'S History of England under the Anglo-Saxon 

Kings. Translated by the late B. thorpe, f.s.a. New edition, revised 

by E. c. OTTfi. 2 vols. Small post 8vo, 3J. 6d. each. 
LONG (G.). The Decline of the Roman Republic : From the 

Destruction of Carthage to the Death of Caesar. By the late george 

long, m.a. Demy 8vo. In 5 vols. Sj-. each. 
MACHIAVELLI'S History of Florence, and of the Affairs of Italy 

from the Earliest Times to the Death of Lorenzo the Magnificent : together 

with the Prince, Savonarola, various Historical Tracts, and a Memoir of 

Machiavelli. Small post 8vo, 3^. 6d. 
MARTINEAU (H.). History of England from 1800-15. By HARRIET 

MARTIN EAU. Small post 8vo, 3^. 6d. 
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MARTINEAU (H.). History of the Thirty Years' Peace, 1815-46. 

4 vols. Small post 8vo, 3J. dd. each. 
MAURICE (C. E.). The Revolutionary Movement of 1848-9 in 

Italy, Austria, Hungary, and Germany. With some Examination 

of the previous Thirty-three Years. By c. edmund Maurice. With an 

engraved Frontispiece and other Illustrations. Demy 8vo, i6j. 
MENZEL'S History of Germany, from the Earliest Period to 1842. 

3 vols. Small post 8vo, y. 6d. each. 
MICHELET'S History of the French Revolution from its earliest 

indications to the flight of the King in 1 79 1. Small post 8vo, 3^. be/. 
MIGNET'S History of the French Revolution, from 1789 to 1814. 

Small post 8vo, 3^. 6d. 
PARNELL (A.). The War of the Succession in Spain during the 

Reign of Queen Anne, 1702-1711. Based on Original Manuscripts 

and Contemporary Records. By COL. THE HON. ARTHUR PARNELL, 

U.E. Demy 8vo, 14J. With Map, etc. 
RANKE (L.). History of the Latin and Teutonic Nations, 1494- 

1514. Translated by P. A. ASH WORTH. Small post 8vo, 3^. 6d. 

— History of the Popts, their Church and State, and especially of their 

conflicts with Protestantism in the 16th and 17th centuries. Translated 
by E. FOSTER. 3 vols. Small post 8vo, y, 6d. each. 

— History of Servia and the Servian Revolution. Translated by MRS. 

KERR. Small post 8vo, y. 6d. 
SIX OLD ENGLISH CHRONICLES : viz., Asser's Life of Alfred 

and the Chronicles of Ethelwerd, Giklas, Nennius, Geoffrey of Monmouth, 

and. Richard of Cirencester. Edited, with Notes and Index, by ]. A. 

GILES, D.c.L. Small post 8vo, 5,?. 
STRICKLAND (Agnes). The Lives of the Queens of England; 

from the Norman Conquest to the Reign of Queen Anne. By AGNES 

STRICKLAND. 6 vols. ^s. each. 

— The Lives of the Queens of England. Abridged edition for the 

use of Schools and Families, Post 8vo, 6s, 6d. 

THIERRY'S History of the Conquest of England by the Normans; 
ils Causes, and its Consequences in England, Scotland, Ireland, and the 
Continent. Translated from the 7th Paris edition by WILLIAM HAZLITT. 
2 vols. Small post 8vo, 3J. 6d. each. 

WRIGHT (H. F.). The Intermediate History of England, with Notes, 
Supplements, Glossary, and a Mnemonic System. For Army and Civil 
Service Candidates. By H. F. WRIGHT, m.a., ll.m. Crown 8vo, 6.f. 
For other Works of value to Students of History, see Catalogue of 
Bohn's Libraries, sent post-free on application. 

DIVINITY, ETC. 

ALFORD (DEAN). Greek Testament. With a Critically revised Text, 
a digest of Various Readings, Marginal References to verbal and idio- 
matic usage, Prolegomena, and a Critical and Exegetical Commentary. 
For the use of theological students and ministers. By the late henry 
ALFORD, D.D., Dean of Canterbury. 4vols. 8vo. ;^5 2j. Sold separately. 

.— The New Testament for English Readers. Containing the Authorized 
Version, with additional Corrections of Readings and Renderings, Marginal 
References, and a Critical and Explanatory Commentary. In 2 vols. 
£2 14s. 6d. Also sold in 4 parts separately. 
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AUGUSTINE de Civitate Dei. Books XI. and XII. By the rev. 
HENRY D. GEE, B.D., F.s.A. I. Text onl-j. 2s. II. Introduction and 
Translation. 3^. 

BARRETT (A. C). Companion to the Greek Testament. By the late 
A. c. BARRETT, M. A., Caius College, Cambridge. %thedUion. Fcap. 8vo, Sj'. 

BARRY (BP.). Notes on the Catechism. For the use of Schools. By 
the RT. REV. BISHOP BARRY, D.D. \oth edition. Fcap. 2S. 

BLEEK. Introduction to the Old Testament. By friedrich bleek. 
Edited by johann bleek and aoolf kamphausen. Translated from 
the second edition of the German by G. H. venables, under the super- 
vision of the REV. E. VENABLES, Residentiary Canon of Lincoln. 2nd 
edition, with Corrections. With Index. 2 vols, small post 8vo, ^s. each. 

BUTLER (BP.). Analogy of Religion. With Analytical Introduction 
and copious Index, by the late RT. REV. dr. steere. Fcap. 3^. dd. 

EUSEBIUS. Ecclesiastical History of EusebiusPamphilus, Bishop 
of Caesarea. Translated from the Greek by rev. c. f. cruse, m.a. 
WithNotes, a Life of Eusebius, and Chronological Table.- Sm. post 8vo, Si'. 

GREGORY (DR.). Letters on the Evidences, Doctrines, and Duties 
of the Christian Religion. By dr. olinthus Gregory, f.r.a.s. 
Small post 8vo, 3^. 6a'. 

HUMPHRY (W. G.). Book of Common Prayer. An Historical and 
. Explanatory Treatise on the. By W. G. HUMPHRY, B.D., late Fellow of 
Trinity College, Cambridge, Prebendary of St. Paul's, and Vicar of St. 
Martin's -in-the-Fields, Westminster, dth edition. Fcap. 8vo, is. bd. 
Cheap Ediiion, for Sunday School Teachers, is. 

JOSEPHUS (FLAVIUS). The Works of. whiston's Translation. 
Revised by REV. A. R. shilleto, m.a. Wiih Topographical and Geo- 
graphical Notes by colonel SIR c. w. wilson, k.c.b. 5 vols. p. 6d. each. 

LUMBY (DR.). The History of the Creeds. I. Anle-Nicene. II. 
Nicene and Constantinopolitan. III. The Apostolic Creed. IV. The 
Quicunque, commonly called the Creed of St. Athanasius. By J. rawson 
LUMBY, D. D., Norrisian Professor of Divinity, Fellow of St. Catherine's 
College, and late Fellow of Magdalene College, Cambridge, ydeditiun, 
revised. Crown 8vo, 7 J. td. 

— Compendium of English Church History, from 1688-1830. With a 

Preface by j. rawson lumby, d.d. Crown 8vo, 6^. 

MACMICHAEL (J. F.). The New Testament in Greek. With 
English Notes and Preface, Synopsis, and Chronological Tables. By the 
late REV. J. F. MACMICHAEL. Fcap. 8vo (730 pp.), 4^. td. 

Also the Four Gospels, and the Acts of the Apostles, separately. 
In paper wrappers, (>d. each. 

MILLER (E ). Guide to the Textual Criticism of the New Testa- 
ment. By REV. E MILLER, M.A., Oxon, Rector of Bucknell, Bicester. 
Crown 8vo, 4J. 

NEANDER (DR. A ). History of the Christian Religion and 
Church. Translated by j. torrey. 10 vols, small post 8vo, 3^. 6a'. each. 

— Life of Jesus Chiist. Translated by j. mcclintock and c. blumenthal. 

Small post 8vo, 3^-. dd. 

— History of the Planting and Training of the Christian Church by 

the Apostles. Translated by j. E. ryland. 2 vols. y. 6d. each. 

— Lectures on the History of Christian Dogmas. Edited by DR. 

JACOB!. Translated by J. E. ryland. 2 vols, small post Svo, y. 6d. each. 
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NEANDER (DR. A.). Memorials of Christian Life in the Early and 

Middle Ages. Translated by j. E. ryland. Small post 8vo, y. 6d, 
PEARSON (BP.). On the Creed. Carefully printed from an Early 

Edition. Edited by E. walford, m.a. Post 8vo, 5^. 
PEROWNE (BP.). The Book of Psalms. A New Translation, with 

Introductions and Notes, Critical and Ejcplanatory. By the RIGHT REV. 

J. J. STEWART PEROWNE, D.D., Bishop of Worcester. 8vo. Vol. I. 

8M edition, revised, lis. Vol. II. ^th edition, revised. i6s, 

— The Book of Psalms. Abridged Edition for Schools. Crown 8vo. 

^th edition, los. 6d. 

SADLER (M. F.). The Church Teacher's Manual of Christian Instruc- 
tion. Being the Church Catechism, Expanded and Explained in Question 
and Answer. For the use of the Clergyman, Parent, and Teacher. By the 
REV. M. F. SADLER, Prebendary of Wells, and Rector of Honiton. nyd 
thousand. 2s. 6d. 
^*^ A Complete List of Prebendary Sadler's Works will be sent on 
application. 

SCRIVENER (DR.). A Plain Introduction to the Criticism of the New 
Testament. With Forty-four Facsimiles from Ancient Manuscripts. For 
the use of Biblical Students. By the late F. H. SCRIVENER, M.A., D.C.L., 
LL. D. , Prebendary of Exeter. 4/A edition, thoroughly revised, by the REV. 
E. MILLER, formerly Fellow and Tutor of New College, Oxford. 2 vols. 
demySvo, 32J. 

— Novum Testamentum Grasce, Textus Stephanici, 1550. Accedunt 

variae lectiones editionum Bezae, Elzeviri, Lachmanni, Tischendorfii, 
Tregellesii, curante F. H. A. SCRIVENER, A.M., D.C.L., LL.D. Revised 
edition. 4J. 6d. 

— Novum Testamentum Grsece [Editio Major] textus Stephanici, 

A.D. 1556. Cum variis lectionibus editionum Bezae, Elzeviri, Lachmanni, 
Tischendorfii, Tregellesii, Westcott-Hortii, versionis Anglicanae emendato- 
rum curante F. H. A. scrivener, a.m., D.C.L., I.L.D., accedunt parallela 
s. scripturse loca. Small post 8vo. 2nd edition. "Js. td. 

An Edition on writing-paper, with marginfornotes. 4to, halfbound, \2s. 

WHEATLEY. A Rational Illustration of the Book of Common 
Prayer. Being the Substance of everything Liturgical in Bishop Sparrow, 
Mr. L'Estvange, Dr. Comber, Dr. NichoUs, and all former Ritualist 
Commentators upon the same subject. Small post 8vo, t,s. (td. 

WHITAKER (C). Rufinus and His Times. With the Text of his 
Commentary on the Apostles' Creed and a Translation. To which 
is added a Condensed History of the Creeds and Councils. By the REV. 
CHARLES WHITAKKR, B.A., Vicar of Natland, Kendal. Demy 8vo, 5^. 

Or in separate Parts. — I. Latin Text, with Various Readings, is. td. 
2. Summary of the History of the Creeds, \s. dd. 3. Charts of the 
Heresies of the Times preceding Rufinus, and the First Four General 
Councils, td. each. 

— St. Augustine : De Fide et Symbolo— Sermo ad Catechumenos. St. Leo 

ad Flavianura Epistola — Latin Text, with Literal Translation, Notes, and 
HistoryofCreedsand Councils. 5^. Also separately. Literal Translation. 2s. 

— Student's Help to t.he Prayer-Book. 3^. 
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BIBLIOTHECA CLASSICA. 

AESCHYLUS. BycR. paley. %s. 

CICERO. By G.LONG. Vols. I. and II. 8j. each. 

DEMOSTHENES. By r. whiston. 2 Vols. 8j. each. 

EURIPIDES. By dr. paley. Vols. II. and III. 8j. each. 

HERODOTUS. By dr. blakesley. 2 Vols. i2j. 

HESIOD. By dr. paley. 51. 

HOMER. By DR. paley. 2 Vols. 145. 

HORACE. By a. g. macleane. is. 

PLATO. Phaedrus. By dr. Thompson. 5^. 

SOPHOCLES. Vol. I. By f. h. blaydes. iS. 

— Vol. II. By DR. paley. 65. 

VIRGIL. By conington and nettleship. 3 Vols. loj. dd. each. 

PUBLIC SCHOOL SERIES. 

ARISTOPHANES. Peace. By dr. paley. 41.611. 

— Acharnians. By dr. paley. \s. 6d. 

— Frogs. By dr. paley. 45. 6d. 

CICERO. Letters to Atticus. Book I. By A. pretor. 4^- Sa- 
DEMOSTHENES. De Falsa Legatione. By R. shilleto. 6r. 

— Adv. Leptinem. By B. w. beatson. 3^. 6d, 

LIVY. Books XXI. and XXII. By L. D. dowdall. y. 6d. each. 
PLATO. Apology of Socrates and Crito. By dr. w. wagner. 3s. 6d. and 
2J. 6d. 

— Phaedo. By dr. w. wagner. 5j. 6d. 

— Protagoras. By w. wayte. 45. 6d. 
■ — Gorgias. By dr. Thompson. 6s. 

— Euthyphro. By G. h. wells. 31. 

— Kuthydemus. By g. h. wells. 4^. 

— Republic. By g. h. wells. 5^. 

PLAUTUS. Aulularia, By dr. w. wagner. 4*. 6d. 

— Trinummus. By dr. w. wagner. 4J. 6d. 

— Menaechmei. By dr. w. wagner. 4s. 6d. 

— Mostellaria. By e. a. sonnenschein. 51. 
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PUBLIC SCHOOL SERIES— continued. 

SOPHOCLES. Trachiniae. ByA. prktor. 4s. 6d. 

— Oedipus Tyrannus. By D, H. Kennedy. 5s. 
TERENCE. By DR. vv. WAGNER, ys. 6d. 
THEOCRITUS. ByDR. PALEY. ^s. 6a. 
THUCYDIDES. Book VI. By T. w. dougan. 3s. 6d. 

CAMBRIDGE GREEK AND LATIN TEXTS. 
AESCHYLUS. ByDR. PALEY. 2i. 
CAESAR. By G.LONG. is.6d. 

CICERO. De Senectute, de Amicitia, et Epistolae Selectae. By g. long. 
IS. 6d. 

— Orationes in Verrem. By g. long. 2s. dd. 
EURIPIDES. ByDR. PALEY. 3 Vols. ar. each. 
HERODOTUS. By DR. DLAKESLEY. 2 Vols. 2S._6<!?. each. 
HOMER'S Iliad. By dr. pai.ey. is. 6d. 

HORACE. By a. j. macleane. ij. td. 

JUVENAL AND PERSIUS. By A. J. macleane. is. 6d. 

LUCRETIUS. By h. a. j. munro. 21. 

SOPHOCLES. ByDR. PALEY. 2s. 6d. 

TERENCE. By DR. w. WAGNER. 2s. 

THUCYDIDES. By dr. Donaldson. 2 Vols. 2^. each. 

VIRGIL. By PROF, conington. 2S. 
XENOPHON. By J. F. MACMICHAEL. js.6d. 

NOVUM TESTAIWENTUM GRAECE. By dr. scrivener. 41. 6^. 
CAMBRIDGE TEXTS WITH NOTES. 

AESCHYLUS. By dr. paley. 6 Vols. u. 6rf. each. 

EURIPIDES. ByDR. PALEY. 13 Vols. (Ion, 21.) u. "erf. each. 

HOMER'S Iliad. By dr. paley. is. 

SOPHOCLES. By dr. paley. s Vols. li. 6d. each. 

XENOPHON. Hellenica. By rev. l. d. dowdall. Books Land II. jj. each. 

— Anabasis. By j. f. macmichael. 6 Vols. ij. 6(^. each. 

CICERO. De Senectute, de Amicitia, et Epistolae S^lectae. By g. long. 

3 Vols. zs. 6d. each. 
OVID. Selections. By A. j. macleane. xs. 6d. 

— Fasti. By dr. paley. 3 Vols. ss. each. 
TERENCE. By dr. w. WAGNER. 4 Vols. is. 6d. each. 
VIRGIL. By'pROF. conington. 12 Vols. is. 6d. each. 

GRAMMAR SCHOOL CLASSICS. 

CAESAR, De Bello Gallico. By g. long. 4J, , or in 3 parts, i j. 6rf. each. 
CATULLUS, TIBULLUS, and PROPERTIUS. By A. H . wratislaw, 

and F. N. SUTTOM. 2S. 6d. 
CORNELIUS NEPOS. By j. F. macmichael. 2s. 

CICERO. De Senectute, De Amicitia, and Select Epistles. Br,, long. 3J. 
HOMER. Iliad. By dr. paley. Books I.-XII. 4i. 6rf. , or in s Parts, 31. 6rf. 

each. 
HORACE. By A. j. macleane. 3s. 6d., or in 2 Parts, as. each. 
JUVENAL. 13y HERMAN prior. 3S. 6d. 
MARTIAL. By dr. paley and w. H. .stone. 4s. 6d. 
OVID. Fasti. By dr. paley. 3s. 6d., or in 3 Parts, is. 6d. each. 
SALLUST. Catilina and Jugurtha. By g. long and j. g. frazer. 31. 6<i., 

or in 2 Parts, 2f.each. 
TACITUS. Germania and Agricola. By p. frost. 2s. 6d. 
VIRGIL, conington's edition abridged. 2 Vols. 41. 6d. each, or in 9 Parts, 

IS. 6d. each. 

— Bucolics and Georgics. conington's edition ahridged. 3J. 
XENOPHON. By J. F. macmichael. 3J. 6rf., or in 4 Parts, ij. 6rf. each. 

— Cyropaedia. By g. m. gorham. 3^. 6d., or in 2 Parts, is. 6d. each. 

— Memorabilia. By percival frost. 3^. 

PRIMARY CLASSICS. 

5^IX 15'"^'^''''°'^ S P'^OM CAESAR. By a. M. M. 9TEDMAN. IS. 

i^?X ff^fHJSiJ^ FROM LIVY. By A. M. M. stedman. is. 6d. 
EASY SELECTIONS FROM HERODOTUS. By a. c. liddell, is.6d. 
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BELL'S CLASSICAL TRANSLATIONS. 

AESCHYLUS. By Walter headlam. 6 Vols. [In the press. 

ARISTOPHANES. Acharnians. By w. h. covington. is. 
CAESAR'S Gallic War. By w. a. mcdevitte. 2 Vols. u. each. 
CICERO. Friendship and Old Age. By g. h. wells, ij. 
DEMOSTHENES. On the Crown. By c. rann Kennedy, ij. 
EURIPIDES. 14 Vols. By e. p. coleridge. ij. each. 
LIVy. Books I. -IV. By J. H. FREESE. If. each. 

— Book V. By E. S. WEYMOUTH. IJ. 

— Book IX. By F. STORR. w. 

LUCAN : The Pharsalia. Book I. By F. conwav, is. 
OVID. Fasti. 3 Vols. By h. t. kiley. i^. each. 

— Tristia. By H. T. riley. \s. 

SOPHOCLES. 7 Vols. By E, p. COLERIDGE. li. each. 
VIRGIL. 6 Vols. By a. Hamilton bryce. 15. each. 
XENOPHON. Anabasis. 3 Vols. By j. s. watson. 15. each. 

— Hellenics. Books I. and II." By h. dale. 

CAMBRIDGE MATHEMATICAL SERIES. 

ARITHMETIC. By c, pendlebury. 4^. 6^., or in 3 Parts, 2i. 6<if. each. 

Key to Part II. 'js. 6d. net. 
EXAMPLES IN ARITHMETIC. By c. pendlebury. 3s.. or in 2 Parts, 

IS. 6d. and 2s. 
ARITHMETIC FOR INDIAN SCHOOLS. By pendlebury and tait. 3s. 
ELEMENTARY ALGEBRA. By j. T. hathornthwaite. 2s. 
CHOICE AND CHANCE. By w. a. whitworth. 6s. 
EUCLID. By h. deighton. ^s. 6d., or Books I. -IV., 3.5. ; Books V.-XL, 2s. 6d. ; 

or Book I. , li. ; Books I. and 11., li. 6</. ; Books 1. -III., 2i. erf. ; Books III. 

and IV., IS. dd. Key. 5J. net. 
EXERCISES ON EUCLID, &c. By j. Mcdowell. 6s. 
ELEMENTARY TRIGONOMETRY. By dyer and whitcombe. ^s. id. 
PLANE TRIGONOMETRY. By T. G. vyvyan. v. ed. 
ANALYTICAL GEOMETRY FOR BEGINNERS Part I. By r. u. 

VYVYAN. 2S. 6d. 

ELEMENTARY GEOMETRY OF CONICS. ByDR. tavlor. ^s. 6d. 
GEOMETRICAL CONIC SECTIONS. By H. G. willis. 51. 
SOLID GEOMETRY. By w. s. aldl<;. 6s. 
GEOMETRICAL OPTICS. By w. s. aldis. 41. 
ROULETTES AND GLISSETTES. By dr. w. h. besant. ss. 
ELEMENTARY HYDROSTATICS. By dr. w. h. besant. 4s. 6d. 

Solutions. $s. 
HYDROMECHANICS. Part I. Hydrostaties. By dr. w. h. besant. is. 
DYNAMICS. By dr. w. h. besant. 10s. 6d. 
RIGID DYNAMICS. By w. s. aldis. 4s. 
ELEMENTARY DYNAMICS. Bv dr. w. garnett. 6s. 
ELEMENTARY TREATISE ON' HEAT. By dk. w. garnett. 4s. &i. 
ELEMENTS OF APPLIED MATHEMATICS. By c. m. jessop. 6s. 
PROBLEMS IN ELEMENTARY MECHANICS. By w. Walton. 6s. 
EXAMPLES IN ELEMENTARY PHYSICS. By w. gallai lv. 41. 
MATHEMATICAL EXAMPLES. By dyer and prowde smith. 6s. 

CAMBRIDGE SCHOOL AND COLLEGE TEXT BOOKS. 

ARITHMETIC. By c. elsee. 3s. 6d. 

By A. wrigley. 3s. 6d. 
EXAMPLES IN ARITHMETIC. By watson and goudie. 2s. bd. 
ALGEBRA By c. elsee. 41. 
EXAMPLES IN ALGEBRA. By macmichael and prowde smith. 3s. 6d. 

and 4J. 6'i. 
PLANE ASTRONOMY. By p. T. main. 4J. 

GEOMETRICAL CONIC SECTIONS. By dk. w. H. besant. 4s. erf. 
STATICS. By bishop goodwin. 3s. 
NEWTON'S Pnncipia. By evans and main. 41. 
ANALYTICAL GEOMETRY. By T. G. vyvyan. 4J. 6rf. 
COMPANION TO THE GREEK TESTAMENT. By A, c. barrett. 5J. 
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CAMBRIDGE SCHOOL TE.'K.TS— continued. 

TREATISE ON THE BOOK OF COMMON PRAYER. By w. g. 

HUMPHRY. 2J. td, 

TEXT BOOK OF MUSIC. By H. c. banister, js. 

CONCISE HISTORY OF MUSIC. By dk. H. G. bonavia hunt. 3s. 6rf 

FOREIGN CLASSICS. 

FENELON'S TcSle'maque. By c. j. delille. ^s. 6d. 

LA FONTAINE'S Select Fables. By f. e. a. gasc. is. 6d. 

LAMARTINE'S Le Tailleur <Je Pierrea de Saint-Point. By j. boiblle. 

ij. 6d. 
SAINTINE'S Picciola. By dr. dlbec. ts. id. 
VOLTAIRE'S Charles XII. By L. direy. is. 6d. 
GERMAN BALLADS. By c. L. biei,efeld. \s. 6d. 

GOETHE'S Hermann und Dorothea. By E. bell atid e. wolfel. is. 6d. 
SCHILLER'S Wallenstein. By dr. buchheim. 5^., or in 2 Parts, 2;. &^. each. 

— Maid of Orleans. By dr. w. wagner. li. 6d. 

— Maria Stuart. By v. kastnek. i*. 6d. 

MODERN FRENCH AUTHORS. 

BALZAC'S Ursule Mirouet. By j. boielle. 3i. 
CLARETIE'S Pierrille. By J boielle. ^s. 6d. 
DAUDET'S La Belle Nivernaise. By j. boielle 2j. 
GREVILLE'S Le Moulin Frappier. By J. boielle. 3s. 
HUGO'S Bug Jargal. By j. boielle. 3s. 

MODERN GERMAN AUTHORS. 

HEY'S Fabeln fiir Kinder. By prof, lange. w. 6d. 

with Phonetic Transcription of Text, &c. 2^. 

FREYTAG'S Soil und Haben. By w. H. crump. 21. 6d. 

BENEDIiS'S Doktor Wespe. By prof, lange. 21. 6d. 

HOFFMANN'S Meister Martin. By prof, lange. is. 6d. 

HEYSE'S Hans Lange. By a. a. macdonell. 2j. 

AUERBACH'S Auf Wache, and Roquette's Der Gefrorene Kuss. By 

A. A. MACDONELL. 2^. 

MOSER'S Der Bibliothekar. By prof, lange. 2s. 
EBERS' Eine Frags. By f. storr. 2j 
FREYTAG'S Die Journalisten. By prof, lange. 2j. 6d. 
GUTZKOW'S Zopf und Schwert. By prok. lange. 2J. 6d. 
GERMAN EPIC TALES. By dr. karl neuhau.s. 2s. 6d. 
SCHEFFEL'S Ekkehard. By dr. h. hagek. y. 

The following Series are given in full in the body of the Catalogue. 

GOMBERT'S French Drair.a. Seepage 31. 

BELL'S Modern Translations. See page 34. 

BELL'S English Classics. Sec pp. 24, 25. 

HANDBOOKS OF ENGLISH LITERATURE. See page id. 

TECHNOLOGICAL HANDBOOKS See page yj. 

BELL'S Agricultural Series. Seepage 36. 

BELL'S Reading Books and Geographical Readers. See pp. 25, 26. 
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